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The purpose of this project is to identify, examine, and
evaluate certain cost-effectiveness relationships of the
Short Range Aids to Navigation (SRAN) Sub-system developed,
established, operated, and maintained by the United States
Coast Guard. While attempting to achieve this objective,
it was determined that a need exists to modify the present
Aids to Navigation Management Information System. The Sim-
plified Aids to Navigation Data System (SANDS) is the present
information system. The Aids to Navigation Work Report
(CG-4429) , which is the basic source of raw data, is pre-
pared by Coast Guard units at the scene during the time a
navigational aid (navaid) is serviced. In addition to pro-
viding information, this report becomes a legal and histori-
cal record of the navaid. The present content and format
of the work report has remained essentially unchanged since
its inception in 1967. Questions have been raised as to
whether the content and format of this report should be
amended, and if so, how? The Annual Aids to Navigation
Assignment List (CG-4 500) is the main source of information
prepared for operating units engaged in servicing navaids.
It is also questioned whether the information contained in
this list is responsive to the needs of servicing personnel,
and whether potential information available to the Manage-
ment Information System is being fully developed. A modified
Management Information System is presented and its applica-
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I. INTRODUCTION - SELECTION OF AREAS OF STUDY
Ever since colonial times, when buoyage of navigable
waterways in this country was begun, constantly expanding
and more effective marine aids to navigation have played
an important role in successful navigation. The United
States Coast Guard is the federal agency which "shall deve-
lop, establish, maintain, and operate, with due regard to
the requirements of national defense, aids to maritime navi-
gation, icebreaking facilities, and rescue facilities for
the promotion of safety on, under, and over the high seas
and waters subject to the jurisdiction of the United States."
Today the Coast Guard maintains over 46,000 aids to naviga-
tion in the Aids to" Navigation System. Specific statutory
authority for Aids to Navigation is contained in 14U.S.C.81:
"In order to aid navigation and to prevent dis-
asters, collisions, and wrecks of vessels and aircraft,
the Coast Guard may establish, maintain and operate:
(1) aids to maritime navigation required to
serve the needs of the armed forces or
of the commerce of the United States:
(2) aids to air navigation...
TITLE 14 - Coast Guard, United States Code , Section 2
(14U.S.C.2), U.S. Code Volume Three, January 20, 1971, with
SUPPLEMENT III, January 21, 1971, to January 20, 1974, p.
2888. Section 2 defines the Primary Duties of the Coast
Guard which have been oryanized into ten separate missions
or functions. Three of the missions, including Aid to
Navigation, are described in the above passage.
12

2(3) electronic aids to navigation systems..."
The Commandant, who heads the Coast Guard from Head-
quarters at Washington, D.C., has been charged with the
development, establishment, operation, and maintenance of
the Federal Aids to Navigation System by delegation from
the Secretary of the Department of Transportation. Under
the Commandant's direction these aids to navigation func-
tions, as well as other functions, are carried on by
twelve geographically separated district organizations,
each under the supervision of a District Commander, A
District Commander is assisted by staff, support units,
and field units in the operation and maintenance of aid to
navigation within his district. In addition to these aids
to navigation maintained under the Federal Aids to Navi-
gation System, there are also about 31,000 state and pri-
vately maintained aids to navigation in the United States
established under the authority of the Coast Guard.
Regulations for the general public, intended to promote
safe and economic movement on the waterways and seas, are
promulgated by the Commandant in the Code of Federal Regu-
lations. The Aids to Navigation Regulations, which pertain
to federal, state, and privately maintained aids to
2
U.S. Code, Volume Three, p. 2894
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navigation, are contained in ten parts of Subchapter C of
Chapter 1, of TITLE 33 - Navigation and navigable waters,
3
of the Code.
An Aid to Navigation "is any signal device external to
a vessel or aircraft specifically intended to assist a
navigator to determine his position or safe course, or to
4
warn him of dangers or obstructions to navigation," An
aid to navigation system "is 'a group of reference devices
acting together to provide information to assist an operator
in directing the motion and defining the position of his
5
craft." A device can be a floating buoy that is moored
at the bottom or a structure which is fixed to the bottom.
Active signals that may be transmitted to the navigator are
visual (light) ,- audio (sound) , a radiobe'Sicon pulse* or a
LORAN Pulse.
3The Code of Federal Regulations is a codification of
general and permanent rules published in the Federal Regis-
ter by Executive Departments and Federal Agencies. The Code
is compiled under 50 broad area titles each of which is di-
vided into chapters, usually concerning a particular agency.
Each volume of the Code is revised at least once a year and
is kept up-to-date by individual issues of the Federal Regis-
ter which is published daily. Subpart 1.46 of Title 49-
Transportation describes the delegation of authority by the
Secretary of Transportation to the Commandant of the Coast
Guard. Section 1.01-1 of Title 33 contains the general pro-
visions whereby delegation of authority by the Commandant
is vested in the District Commanders.
TITLE 33 - Navigation and Navigable Waters, Code of
Federal Regulations , Chapter 1 - Coast Guard, Department of
Transportation, Subpart 60.01-5 (33CFR 60.01-5), revised
July 1, 1974, p. 234.
Coast Guard Aids to Navigation Manual , Book 1, Adminis-
tration (CG-222-1) , 17 May 1972, amended through Change 3
of 1 August 1974, p. 3-1.
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There are four basic Aid to Navigation Sub-systems
within the overall Federal Aids to Navigation System. Table
I shows a breakdown of the various types of navigational
aids (navaids) within each sub-system. Appendix A shows
total numbers of various Short Range Navaids.
There are four basic programs within the total Aids to
Navigation System, relating directly to the four sub-systems.
Each program includes, in addition to its own sub-system of
navaids, all ships, boats, personnel, facilities, equipment,
and devices that collectively operate and maintain a parti-
cular sub-system.
Important to the overall usefulness of the Aids to Navi~
gation System are different forms of related marine infor-
mation which m~& prepared and issued by several federal
agencies including the Coast Guard. Charts, which are
prepared in various scales for navigable bodies of water,
contain a wide variety of general information, including
information and positions of navaids in the area, enabling
a navigator to plot and keep accurate track of his position.
Coast Pilots , which is printed in ten volumes, provides
detailed information for the navigation of coastal waters to
This structure is established as part of the Federal
Planning-Programming-Budgeting System (PPBS) , introduced
in the mid 1960's which requires federal agencies to struc-
ture their activities into programs devoted to the same end
and measure the resources of each program. Where no measure
of the amount of output is available, program comparisons
may be permitted on a heuristic or intuitive basis. Public
Microeconomic s , Neil M. Singer; Little, Brown and Company,




LIST OF NAVIGATIONAL AIDS WITHIN
EACH AIDS TO NAVIGATION SUBSYSTEM
1. Short Range Aids:
a. Non-electric audio and visual aids:
1) Lighted buoys
2) Unlighted buoys
3) Light structures (unmanned)
4) Day beacons (unlighted and unmanned structures)
5) Sound signals (1 manned station, remainder part
of other navaids)
b. Electronic, short range radionavigaticn aids (radio
beacons, 1 manned station, remainder part of other
navaids) ,
c. Aids with dual non-electric and electronic capa^
bilities
:
1) Lightship stations (manned)
2) Lighthouses (unmanned or manned) and Light
Stations (manned)
3) Large Navigational Buoys (LNB) (usually unmanned)
4) Offshore platforms (manned or controlled
remotely)
2. LORAN-A: Medium range electronic radionavigational
system intended for general use.
3. LORAN-C: Medium range electronic radionavigational
system intended for Department of Defense applications.
4. Omega: Long-range, worldwide, radionavigation system.
16

supplement the limited information given on charts, while
The Great Lakes Pilot provides similar information for the
Great Lakes. The Coast Guard publishes annually, in five
volumes, Light Lists with complete details regarding all aids
to navigation it maintains or which are under its authority.
The lists include the official name, signal characteristics,
location, and a general description for each navaid. The
Coast Guard continually updates this information through
broadcasts and documents. "Broadcast Notices to Mariners"
made from Coast Guard or U.S. Navy radio stations report
warnings that contain information of importance to the safety
of maritime navigation, such as significant changes or defi-
ciencies of navigational aids or hydrographic information
>-^-s/-^r>TTv^^"7 4-/-\^-\ 1 -. 4- ,-^ -4- •> V> *~* y%»iU1 ! oV« ^/^ -!>-s T />r»n! T»7 /-> 4- -J *~« ^> <-• +-/"*
Mariners. Weekly or more often as needed, Coast Guard
District Offices issue "Local Notices to Mariners" containing
local waterway information deemed necessary in the interest
of public safety. Mariners enhance the effectiveness of
these marine information networks by reporting suspected
navigational aid deficiencies, errors in charts or light
lists, or any potential navigational hazard encountered in
transit.
Short range aids, which form the focus of this research,
are made up of two separate groups of components: physical





physical support components include the buoy body (floatation
source) and chain, shackles, and sinker (moorings) which
anchor a buoy in a certain position, A bridle and swivel
are used with lighted buoys and a ballast ball is sometimes
used with large unlighted buoys. A buoy's position is cer-
tain only within limits, as its length of chain is somewhat
greater than the depth of water at its charted position to
facilitate free floatation. Thus, a buoy will drift within
a small circle, following wind and current. Furthermore,
buoys may be missing, adrift, or off charted position due to
collisions or storms. For a fixed structure the support
system is the ground it is built upon (ashore or at a marine
site) and the structure itself. The optional signal equip-
ment system for buoys and structures usually contains similar
visual equipment but different audio equipment. Components
used to transmit an active visual signal are batteries or
other power source such as commercial power (used solely by
structures), the lamps and a lampchanger, a flasher which
turns a lamp on and off in a distinctive pattern called the
characteristic, a lantern which refracts and directs light
from the lamp and gives it a green, white, or red color,
and a daylight control. Active audio signal components for
buoys include bells and gongs with clappers and whistles that
are activated by buoy movement in the water. Lighted buoys
also can transmit electric bell, horn, or whistle sound
signals. Sound signals for structures are usually powered
electrically or by compressed air and have more distant
18

range capabilities than buoys. Passive signal features
that may be built into a buoy are strongly contrasting colors,
retro-reflective materials, numbers or letters, an easily
o
identified shape or profile, or a radar reflector. Radar
reflectors are inherent in structures. Other passive fea-
tures for a structure are displayed on a daymark which is
secured to the structure. A daymark is a board that may
possess distinctive characteristics of shape, color, and
retro-reflective materials, numbers or letters. For a
lighted structure a daymark is the daytime aid to navigation:
its features must be consistent with the nighttime light
9
color and characteristic.
Selection of Areas of Study : This project will focus
i p particular on the Lighted Buoy Group of the Short-. Rangp
Aids to Navigation (SRAN) Sub-System. Lighted buoys were
selected as the primary area of study for the following
reasons
:
1. Their relatively significant number and importance
within the overall Aids to Navigation System.
o
The lateral system of buoyage used to mark waters of
the United States employs a simple arrangement of shapes,
numbers, colors, and light characteristics to indicate
on which side a buoy or structure should be passed when
proceeding in a given direction. Directions vary depending
upon the area of the United States being transited.
33 CFR 62.20 and 62.25.
q
A Buoy Tender Manual, Aids to Navigation School, U.S.
Coast Guard Training Center, Governors Island, N.Y.
,
p. 4, April 1971.
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2. Of all short range aids, they include characteris-
tics and features that present the most opportunities for
failure. For example, lighted buoys combine standard visual
signal components of most light structures with the unfixed
position trait of unlighted buoys.
The project was completed in five phases: study selec-
tion, data collection, data examination, information system
modification, and study completion.
Phase One involved the identification of certain Aids
to Navigation (A-to-N) reliability and optimization relation-
ships. The primary area chosen for analysis was the relative
importance of various relationships between Aids to Naviga-
tion reliability (the probability LhaL an aid functions 24
hours a day) and causes ot nontunctioning. An aid may be
nonfunctional due to administrative errors, personnel errors,
logistic errors, technological errors, hazards of weather,
collision, and vandalism, and manufacturing errors — failures
due to defects in workmanship or premature wearout. Initially
batteries alone and subsequently all lighted buoy components
were selected in examining the frequencies of various causes
for aid malfunctions and determining hazard, failure, or
error proneness.
Phase Two of the project involved collection of data
pertaining to the selected areas of study. Data were
collected from the Thirteenth and Ninth CG Districts, serving
the Pacific Coast states of Oregon and Washington and the
Great Lakes area respectively. Data from the Thirteenth
20

District were collected because they often included recorded
closed circuit voltage battery readings. This is a voluntary
recording procedure in the current SANDS program and although
taking such readings is practiced throughout the Coast Guard,
the Thirteenth District is unusual in that the readings are
recorded. Additional data were collected from Aids to Navi-
gation, Ocean Engineering, Data Systems, and Claims and
Litigation Division Branches of CG Headquarters, and from
the CG Supply Center in Brooklyn, N.Y. Visits were made to
the Aids to Navigation School, Governors Island, N.Y. and
Eleventh and Twelfth CG District Aids to Navigation Branch
Offices.
Phase Three consisted of examining the data collected
to ascertain its suitability for the areas of study. During
this phase and after many telephone conversations to the
Thirteenth District and Headquarters, it became apparent
that a need exists to modify the current Aids to Navigation
Management Information System. This contention is supported
by the fact that, in a separate effort, an Aids to Navigation
Work Report Form with major revisions currently is being
tested on an experimental basis in the First CG District.
Substantial evidence that modifications to the Manage-
ment Information System are desirable has been provided as
a result of studies conducted by the management consultant-
research firm Booz, Allen Applied Research, Inc. In their
systems analysis studies of the servicing and support sys-




"...Additional effort should be applied to make
the Simplified Aids to Navigation Data System (SANDS)
fully operational..."!
"Additional statistical information on outages and
servicing frequencies is needed from SANDS to identify
ways of increasing efficiency with which aid's to navigation
are serviced, and also provide data for the design and ac-
quisition of new aid-to-navigation systems and servicing
facilities. "11
"In addition to additional computer facilities and
capabilities, deficiencies discovered through experience
with the current SANDS Program require a thorough program
evaluation and revision to provide the information that is
desired by both operational units and administrators. .. "12
It was decided that a separate study into determining
feasible modification alternatives to the present Aids to
Navigation Management Information System was compatible
with the original purpose of this research. This decision
led to the search for modification procedures with the
following goals:
1. Modification of all phases of the Management Infor-
mation System in such a manner as to save time where possible
for all Aids to Navigation personnel, especially the time of
field servicing and reporting units.
2. In view of the major effort already being put into
the SANDS Program, further develop potential information
available to the Management Information System.
Evaluation of Plastic versus Steel for Buoy Hulls ,
Contract Number DOT-CG-90506-A, January 7, 1970, p. 9.
^Evaluation of Minor Marine Structures versus Buoys ,
Contract Number DOT-CG-90506-A, May 15, 1970, p. 9.
2Servici ng System for Short-Range-Aids to Navigation ,
Contract Number DOT-CG-90506-A, November 7, 1970, p. 74.
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Phase Four involved determination of a model Aids to
Navigation Management Information System. To achieve both
goals, several Aids to Navigation Work Report content changes
were envisioned, leading to recommendations for future modi-
fications of the SANDS reporting form. In order to obtain
the second goal, an additional processing method for SANDS
data was deemed desirable. A pre-packaged computer program
suitable for this purpose was found. Feasible acquisition
and installation of the package discussed is particularly
1 ->
timely in that the Coast Guard and other DOT agencies with
headquarters in the DOT, Departmental Headquarters Building
anticipate consolidation of present data processing facili-
ties in tne near future. The procurement cost of the pack-
age in question is under $1,000.00.
Phase Five consisted of the completion of the selected
areas of study using the package during various stages.
Because of the limitations in the empirical data, capa-
bilities of the author, time, and scope of this project, this
research should be regarded as preliminary. It is suggested
that a team of personnel possessing expertise in analysis
and information systems design complete a thorough evaluation
of the issues raised and presented. The author believes that
effective implementation of Aids to Navigation Management
Information System modification procedures similar to those
presented will contribute to the sound policies of standard-
ization, simplification, and cost-effectiveness.
13These include the Federal Highway Administration and
the Federal Railway Administration.
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II. DEVELOPMENT OF SHORT RANGE AIDS TO NAVIGATION
A. AN HISTORICAL REVIEW
The official beginning for the Aids to Navigation System
was the Ninth Act of Congress of August 7, 1789, which pro-
vided for the erection and maintenance of lighthouses.
Lighthouses built by the colonies were ceded to the Federal
Government; and, together with wooden buoys already in use,
these lighthouses became the nucleus of the present Aids to
Navigation System. By the 1850' s buoys built with iron and
improved v/ooden buoys, employing black or red color and
numerical significance standards (which eventually became
the present lateral marking system) were marking channels.
A lighted buoy using Pintsch gas under mantle was introduced
in New York Harbor in 1881, but subsequent attempts to
electrify buoys in New York Lower Bay through shore cables
from 1888 to 1903 proved to be impractical. Meanwhile buoys
built with whistles and buoys with mounted bells struck by
clappers were successfully used to produce sound signals
when a buoy was set in motion by the sea. Further attempts
to redesign buoys led to taller can and nun shaped unlighted
buoys which were first mentioned at the turn of the century.
In 1910, lighted buoys were developed which used acetylene
gas compressed inside tanks that were stored within buoy




lighted buoy in general use today."1" By the early 1920'
s
buoys equipped with gongs and clappers joined whistle and
bell buoys in producing sound signals. .
On July 1, 1939, the responsibilities for Federal Aids
to Navigation which had formerly been carried out by the
U.S. Lighthouse Service were permanently transferred to the
United States Coast Guard. 15
B. DESCRIPTION OF A LIGHTED BUOY BY COMPONENT
Development of the Aids to Navigation System into a
reliable network promoting safe and economic navigation has
required not only technological progress by our society,
but also major development, operation, and maintenance
efforts by the Coast Guard. Despite these efforts, the Aids
to Navigation System is subject to failure in terms of hard-
ware malfunctions, incorrect positioning of aids, and incor-
rect or incomplete information dissemination. Of all navi-
gational aids, lighted buoys include characteristics and
features that present the most opportunities for failure.
A discussion of hardware malfunctions and positioning errors,
and methods of preventing and correcting them, presupposes
some familiarity with the components and operation of a
14Piloting Seamanship and Small Boat Handling , Charles F
Chapman, The Hearst Corporation (New York), 1961, p. 299.
At this time the Coast Guard was serving within the
Treasury Department. In 1967 the Coast Guard and all func-
tions, powers and duties relating to the Coast Guard were
transferred to the Secretary cf Transportation by STATUTE




lighted buoy. The description of a typical lighted buoy
equipped with standard components is presented in Figures
1, 2, and 3 and corresponding Tables II and III. An expla-
nation of each component's function and general terminology
are included.
Buoys are classified by their size, type, and equipment
composition. For example, an 8 x 26 LBR description would
classify the buoy as being eight feet in diameter through
the buoy and twenty-six feet long, lighted, having a bell,
and having a radar reflector. Unlighted buoys are broken
down into six classes of sizes, first class being the
largest. A 5NR description would classify the buoy as being
fifth class, nun-shaped, and built with a radar reflector.
Larger buoys are used in exposed locations since they ride
better in rough seas or bar areas, and can support needed
heavier chain. The lamp size, flasher type, and length of
daylight determine how many ampere hours per day of a battery
are consumed. The lamp size, type and height above water,
lantern type, atmosphere transmissivity (clear, haze, fog)
and height of the user determine how far a light may be
seen at night. Only group flashing, red, or green lights
indicate lateral significance.
C. HIGHLIGHTS OF MAJOR INNOVATIONS AND DEVELOPMENTS BY THE
COAST GUARD
1. Standard Buoys (1940-1962)
In 194 the decision was made to standardize the
more than 400 different variations of buoy types in order
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A Typical Lighted Buoy Showing Principal Parts and Appendages
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A steel body providing a floatation
source and platform to support all
other components or parts.
Lowers center of gravity so that the
buoy floats in an upright position
at its designed v/aterline.
Structure mounted on top of the body
to support the signal system.
Two hollow watertight tubes, built
symmetrically into the body, which
hold power units that provide DC
energy to the signal system.
Coupling, gasket, and pocket cover
to provide watertightness of a pocket




Piping 3/4" in diameter for air
venting of each pocket.
Crossover line between the two
pockets to enable circulation of air,
Gravity-operated device consisting
of a valve seat, valve body, and two
weights. This device closes to pro-
vide watertightness as a buoy heels
over and rolls under water, then
opens as the buoy approaches or




- any component part of the mooring sub-system
Two lengths of chain attached to
arms on opposite sides of the buoy
and linked together with a large
center ring that is tied in with the
mooring system. The ring rides just
above the bottom of the counter-
weight tube to prevent entangling.
There are wooden fenders attached





Swivel Device that permits free twisting
of the buoy without causing the
chain to kink or twist.
Chain
Shackle, Pin, and Key
Sinker
Welded steel links of up to 1 7/8"
in diameter joined in series to
connect appendages at the buoy to the
sinker at the bottom. The riser sec-
tion runs from the buoy to the bottom.
A chafe section, usually made of
heavier chain than other sections
because it wears first, lies on or
near the bottom and is dragged about
depending upon buoy movement. The
bottom section near and connected to
the sinker is usually mudded or sand-
ed in and undergoes little wear. Nor-
mally the total length of chain used
to moor a buoy is 1 1/2 to 5 times
the depth of the water at its posi-
tion. The weight of the chain helps
to hold a buoy in position but it
cannot be so heavy that it causes
the buoy to float low m the water.
In some areas with very deep water,
nylon line has been successfully
used as a riser section of the
mooring
.
Hardware used to fasten various
mooring appendages together and tie
moorings into the buoy. Shackles
use split key pins or riveted pins.
Split keys, used only once, are de-
signed to work similar to conven-
tional cotter keys. Stainless steel
split keys are most often used.
Concrete or cast iron weight that
provides the brute holding strength
to moor the buoy to the bottom.
Sinker weights vary according to
exposure, with heavier sinkers used
to moor buoys encountering rough
seas or strong currents. Sometimes
more than one sinker will be used
to moor a buoy. Weights range from





Radar Reflector Device built into the cage that is
especially designed to reflect
high frequency radio waves trans-
mitted by radar transceivers. This
device is also designed to promote
a wind suction force for the air
circulation and venting sub-system.
Retro-reflective
Materials
Material made in panels, numerals,
and letters that reflects light
from an outside source back along
the same path it traveled in reach-
ing the reflective material.
Sources: A Buoy Tender Manual, p. 15-33.
U.S. Coast Guard Ocean Engineering Report No
38B (CG-250-38B) , "Buoy Classification and




LIGHTED BUOY VISUAL SIGNAL SUB-SYSTEM
Part Purpose
Battery Basic non-rechargeable primary cell
or group of cells providing DC
energy from a self-contained source.
A battery contains carbon cathodes
that require a dust free surface
and air flow, zinc anodes, a caustic
potash electrolyte, and breathing
apparatus. While outer cases have
been made of polyethelene, trans-
parent acrylic plastic cases were
recently developed. A battery is
activated by the addition of water
to each cell.*
Power Unit (rack, pack) A combination of primary batteries
in a disposable container. Batteries
are connected in series or parallel
to form a 12-volt bank, depending
upon ampere-hour capacities desired.
JL L Oiil^ Gin.: p^wi^.^- jju^jv -lL> U l- O- j. -i- <-. <— -«.
for a buoy, the empty pocket nor-
mally contains ballast equivalent
in weight to the pack in the other
pocket. Batteries come in 1000 and
3000 ampere-hour capacities. By
connecting in parallel, 2000 and
6000 ampere-hour capacities can be
obtained. Batteries are securely
housed inside a wooden rack to make
up a unit. 1000 ampere-hour units
weigh about 2 00 pounds; 3 000 ampere-
hour units weigh about 500 pounds.
*
Primary batteries are not rechargeable and used only
once or through multi-seasonal use until battery capacity
has been consumed. They have no salvage value and after use
are to be disposed of at proper shore facilities. Secondary
batteries are similar to the conventional automobile battery
(lead-acid)
, being rechargeable and having a small salvage
value. Except for a few shore aids, the use of secondary
batteries with lighted aids to navigation was terminated in
1969. Occasionally 6-volt hotshot batteries (similar to *D'
cell batteries) are used to temporarily provide a source of









A non-disposable holding device
utilized to secure a power unit in
a buoy pocket. The PAC weighs
approximately 4 5 pounds.
Watertight, solid state, electronic
device that times the flash se-
quence, switches a circuit to operate
the lamp for a pre-set contact time,
regulates the output voltage so that
within each sequence 12 volts are
not exceeded, and upon sensing a
burned out or defective lamp switches
a circuit to operate the lampchanger
so a new lamp is rotated into the
operating position. The flasher
weighs under 2 1/2 pounds.
A spring loaded, hand wound device
with a turret that supports six
lamps, only one lamp of which oper-
ates at any given time. Upon re-
ceiving a pulse from the flasher it
lights the operational (uppermost)
lamp for the duration of that pulse.
When a lamp is burned out, the lamp-
changer's circuit is open and upon
receiving a pulse from the flasher
the lampchanger rotates a new lamp
into the operating position. If
the new lamp is operative, the
system functions normally; if the
new lamp is defective, the process
continues until an operative lamp
is found or the lampchanger has
rotated the sixth and last lamp
into the operating position.
A source of light consisting of a
filament (tungsten wire of high
melting point that becomes incan-
descent when heated by electric
current) that is enclosed in a glass
envelope (bulb) preventing oxidation
but enabling light radiation.
Lighted buoy lamps are equipped
with clear bulbs, type S-8 or S-ll,
and type C-8 helical coiled fila-
ments. These lamps use 12 volts
and come in six different sizes:






1.15 ampere, 2.03 amperes, and
3.05 amperes.
An acrylic or glass optical (green
clear, or red fresnel drum lens),
that provides a watertight housing
for all visual signal components.
This is mounted on top of the cage.
It refracts and directs all light
rays from the lamp towards the
horizontal direction to be observed
as a red, green, or white light.
The buoy lantern weighs no more than
8 pounds.
A photoconductive device attached
to the flasher that enables the
flasher to control visual signal
transmissions during periods of
darkness. It is current policy to
replace daylight controls at the
time a power unit is replaced or
every two years, whichever is less.
The average number of hours that a
batch tested particular type of lamp
will burn at rated voltage before
failure. The rated life of all
lighted buoy lamps is 500 hours.
Rated Battery Discharge The RBDT is the expected total use-
Daylight Contro]
Rated Life of Lamp
Time (RBDT) (days) ful operating life of an activated
battery or combination of activated
batteries under a specific load and
operating characteristic. The RBDT
is established using battery ratings
and the £impere-hour-per-day consump-
tion of 12-volt lighting equipment
for standard light phase character-
istics. The consumption value in-
cludes allowances for surge factor,
solid-state flasher regulator dis-
sipation, and operation using day-
light controls. The RBDT for certain
locations is adjusted for environ-
mental variances from standard con-
ditions such as extreme temperatures,





Battery Shelf Life Period The battery shelf life period is
the amount of time that a battery
or power unit may remain in
storage without deteriorative
action occurring to the point that
the battery rating is reduced. The
shelf life period commences upon
departure of the batteries from
manufacturer
.
Battery Service Life The battery life is the RBDT plus
the battery shelf life period, or
three years in operation plus the
battery shelf life period, which-
ever is less.
Characteristic The pattern in time of flashes
of light alternating with eclipses
of darkness exhibited by a light
during one period.
Standard Characteristics Characteristics in accordance
with the International Association




A continuous steady light.*
Showing a single flash at regular
intervals; duration of light always
less than duration of darkness.












Shows quick flashes for about 5
seconds, follov/ed by a dark period
of about 5 seconds.
Fixed lights are not used with buoys since they are





Equal Interval (E. Int.) Light with all duration of light
and darkness equal.
Occulting (Occ.)
Morse Code - Mo. (A)
Duty Cycle
A light totally eclipsed at
regular intervals, the duration
of light always greater than the
duration of darkness.
Light in which flashes of dif-
ferent duration are grouped
in such a manner as to produce
a "Morse character A.
For a given characteristic, the
ratio of the total time during
which the flasher allows current
to flow to the lamp during one
period to the duration of one
period.
Sources: COMMANDANT INSTRUCTION 105 00. 32A
1973 Light List , Volume III, Pacific Coast and
i. uCij-ic Isxsnds Ocean Engineering Report No. 37
(CG-2 50-37) , "Visual
-
Signalling : Theory and
Application to Aids to Navigation," 22 June 197 0.
Purchase Description No. 191A , "Primary Batteries
"for Aids to Navigation,'' 14 February 1974.
Purchase Description No. 181B , "12-Volt, Solid
-
State, Flasher for Maritime Aids to Navigation,"
13 May 1968.
Purchase Description No. 195A, "12-Volt, Six-
Place Lampchanger for Maritime Aids to Navigation, 1 '
April 1971.
Purchase Description No. 234 , "CG-234 Daylight
Controls for Solid-State Flashers," February 1973.
Purchase Description No. 243 , "Marine Signal Lamps,"
April 1973.
Purchase Description No. 205B , "Buoy Lantern for
Maritime Aids to Navigation," March 1972.
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to simplify maintenance and reduce the required number of
spare parts, components, specifications, and prints. After
many years of development efforts, the Coast Guard finally
achieved significant design changes in 1962, which have cul-
minated in higher levels of lighted buoy effectiveness, effi-
ciency, and safety. These changes, known as the 1962 Buoy




Mechanical Chain Stopper for Buoy Tenders (1950 's)
Although not a direct improvement to aids, the
mechanical chain stopper was a major innovation for buoy
servicing operations. This device which was adopted service-
wide during the early 1950' s, consists of a spring loaded
mechanism mounted in the forward end of the buoyport of a
buoy tender. Through positive reception of buoy mooring chain
and easy disconnection when desired, the mechanical chain
stopper has led to easier and more certain shiphandling during
hazardous buoy servicing operations.
3
.
Electric Power with Primary Batteries (1950-1969)
Although battery powered lighted buoys were first
introduced in 1935, their superiority over acetylene gas
buoys was not determined until the late 1940* s. The decision
to electrify all lighted buoys with secondary lead-acid
batteries was made in 1950. While these batteries could be
In 1950, LCDR Niels P. Thomsen, then Commanding Officer
of the USCGC TUPELO, developed and built a prototype of the
mechanical chain stopper. A Buoy Tender Manual , p. 62.
38

recycled eight times or more, the required semi-annual
recharge procedures, consisting of returning exhausted
batteries to support bases for unracking, recharging, and
reracking, were many times the initial cost of the batteries
themselves. Furthermore, the danger of explosion from gas
accumulation inside a buoy body, previously encountered with
acetylene gas lighted buoys, was lessened but not eliminated
since lead-acid batteries emit explosive hydrogen gas. In
1962 the first experimental use of primary zinc-air batteries
lead to a new era for lighted aids to navigation, as the
primary batteries eliminated the massive and costly support
requirements of secondary batteries. The initial cost of
primary batteries was, incidently, slightly lower than equi-
valent secondary batteries. Primary batteries can be acquired
with capacity combinations providing 1 to 3 years of power,
enabling less frequent servicing of aids and enabling battery
servicing to coincide with other component service periods.
The danger of explosion from gas accumulation was also
eliminated. By 1969, when use of secondary batteries was
terminated, lighted buoys could be recharged with primary
battery power units that weighed much less than the old
secondary units. This weight reduction was sufficient to
permit recharging of a lighted buoy with 1000 ampere-hour
power units by small boat, thus providing new operational
flexibility for servicing units. Although the dumping of
primary batteries at an aid site was practiced initially,
the Coast Guard since 1970 has taken a leadership role in
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protecting the marine environment, and most of the damage
done to battery powered navigational aid surroundings in
the I960' s has been corrected. Appropriate procedures for
disposing of primary batteries at suitable shore facility
locations have been instituted; however, in - some locations
proper disposal is becoming increasingly complicated.
4. Standard Solid-state Flashers (1960 's)
The decision to standardize light characteristics
was made in 1966, as the hundreds of different flashers
then in use required massive procurement and inventory
procedures. Effective implementation of this policy has
provided mariners with uniform and easy to identify visual
signals. Because only twelve types of flashers are now
generally in use, aids to navigation personnel have an
easier task in selecting desirable power-equipment combina-
tions.
5. Use of Radar Reflectors (1952-1962)
Until the 1940' s when vessels and aircraft were
commonly equipped with radar transceivers, buoy construction
offering minimum wind resistance was desired. However,
the ability to transit buoyed channels by radar during
periods of poor visibility became a reality during the 1950'
s




Replacement of Lightships (1960's)
As technology advanced during the 1960's, many
lightship stations and their functions were replaced by
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offshore platforms that were either manned by vastly smaller
personnel complements or controlled remotely. Large Navi-
gational Buoys (LNB) forty feet in diameter have replaced
other lightships since the last offshore platform was built.
7
.
Servicing Remotely Located, Difficult to Service
Aids (1960's-1970's)
With commencement of the Lighthouse Automation and
Modernization Project (LAMP) in the late 1960's, efforts
were initially made to automate remotely located, isolated,
or difficult to support lighthouses. This effort has been
largely successful. Coast Guard Aircraft have been used to
service aids to navigation where aids are not easily access-
able, in such areas as offshore islands.
8 Acryl ic Lantern Optica l Assemblies (1960 ' s-1970 ' s)
The first lenses used extensively for lighthouses
were made of cut glass. This process was very expensive
and eventually gave way to the less expensive pressed glass
method. Pressed glass optical assemblies became common on
most lighted aids to navigation even though the optical
17
efficiency of cut glass was superior. For many years the
standard buoy lantern was made of pressed glass with an
1 n
While some larger size (order) cut glass (classical)
lenses remain in service today, many of these masterpieces
(primarily imported from France during the 1800' s) have
been preserved in museums throughout the United States.
Augustin Fresnel (1788-1827) is credited with having deve-
loped large cut glass lenses by building separate ring
prisms of glass. Eventually 9,000,000 candle power capa-
bility was attained through this method. Encyclopedia
Americana , Volume 17, 1969, p. 506.
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inside diameter of 200 mm. By introducing modern acrylic
lenses into service, greater optical efficiency was regained
because sharper corners could be molded into plastics than
in pressed glass. While the 155 mm acrylic plastic lantern
has been utilized as standard for lighted buoys since the
early 1970 's, some 200 mm glass lanterns have been retained
in rough service locations encountering ice or breaking
waves.
9 . Procurement of Short Range Aids to Navigation
Components (1960 ' s-1970 ' s)
Most aid components are peculiar solely to aids to
navigation and must be specifically manufactured for the
Coast Guard. Procurement is now primarily through one year
term contracts with commercial manufacturers listed on the
Coast Guard Qualified Products List (QPL) . The Coast Guard
after determining needs, writes detailed specifications for
each product required then encourages companies to submit
prototypes of the components to be produced for testing
and evaluation. If specified standards are met, the manu-
facturer is placed on Lhe QPL and becomes eligible to bid
on a contract. Hopefully more than one manufacturer will
have qualified for each product, thus allowing competitive
bidding. When bids are solicited from the QPL, the Coast
Guard guarantees a minimum number of items that will be
purchased during the term of the contract. The manufacturing
firm offering the lowest price is awarded the contract. Con-
tracts are then utilized by the Brooklyn Supply Center
(The Inventory Control Point for small SRAN components) to
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procure desired numbers of components for inventory and
subsequent distribution. Periodically servicing units
order components, such as flashers, directly from the Supply
Center to provide sufficient quantities of spare components
to correct potential aid deficiencies in addition to meeting
routine servicing requirements. Through competitive bidding
of solid-state flashers the original price of $278.00 per
flasher was reduced to $59.20 each in 1969, the current
price being $69.30.
Because no interest exists in building steel buoys com-
mercially, the Coast Guard Yard constructs buoys for the
Aids to Navigation Mission. Once built, buoys are turned
over to Headquarters Controlled Material (HQCM) for inven-
tory control along with all other buoys on station or main-
tained under HQCM authority by support bases. Sinkers are
generally fabricated locally by support bases.
D. AREAS WITH POTENTIAL FOR FURTHER DEVELOPMENT
1. Booz, Allen Applied Research Studies
As a result of studies concerning support and service
systems, significant changes have been and will continue to
be made in the Coast Guard Aids to Navigation System. Booz,
Allen Applied Research, Inc., conducted this research during
1970 in three tasks:
"Evaluate plastic versus steel buoy hulls."
"Examine the tradeoffs between floating aids and
fixed structures."
"Examine the servicing system, including facilities
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ashore and afloat, considering possible changes in buoy
material and buoy-structure mix. "18
Based upon these studies, Booz, Allen recommended that
the Coast Guard develop the SRAN Sub-system to include:
"Establishment of trained and mobile A-to-N teams
for servicing actions that do not require lifting of
buoys and moorings."
"Design and construction of specific new classes
of boats and tenders and modernization of some existing
tenders.
"
"Reduction of servicing schedules for all types
of aids supported by an effective SANDS program and
maintainability analysis."
"Use of minor marine structures instead of buoys
wherever local conditions are favorable.''
"Use of lightweight plastic buoys for all floating
aids except those in icy conditions."
"Development and engineering to support the
program. " 19








District Operating Plans ..."
1 o ,
Servicing System for Short-Range Aids to Navigation ,
Booz, Allen Applied Research, p. 1.







As a result of the Booz, Allen studies, much progress
has been made in some of these areas,
a. Administration
Until 1972 there were hundreds of directives
and publications issued by Headquarters prescribing Coast
Guard internal policies and procedures to be followed in
the establishment, development, maintenance, and operations
of the Aids to Navigation System. In a complete revision
and consolidation of the previous partially obsolete or
redundant paper empire, the revised Aids to Navigation
Manual is being issued. The manual is divided into four
books and several appendices. Book 1, "Administration,"
was completed 17 May 197 2 and has been amended through
Change 3 of 1 August 1974. Book 2, "Seamanship," was com-
pleted 12 June 1973, and Book 4, "Radio Navigation." was
subsequently issued. Book 3, "Maintenance," and Appendix
D, "SANDS Manual," are still in the process of being deve-
loped, so certain portions of the 1964 version of the Aids
to Navigation Manual remain effective. At the district
level directives are promulgated to prescribe guidelines
specifically meeting district requirements. Overall guidance
is contained in the District Operations Plans.
Informal communications between Headquarters, field, and
staff organizations and units are printed periodically by the
Headquarters Aids to Navigation Division in "Aids to Navi-
gation Bulletins." These publications include, among other
items, articles about solving common problems, helpful hints

or reminders, innovations, and summaries, seminars, or
surveys involving aids to navigation. A similar publi-
cation, "The Coast Guard Engineer's Digest," contains
scientific and technological articles which occasionally
feature aids to navigation.
b. Aids to Navigation Teams (ANTS)
As a result of the studies and subsequent favor-
able experimental evaluation, the Coast Guard has established
several shore based Aids to Navigation Teams (ANTS) . Two
generations of related Aids to Navigation Boats (ANBS) have
been constructed and delivered. The ANT concept is based
upon the fact that much work being performed by tenders
could be successfully accomplished by smaller, less expen-
sive craft. ReDated to the implementation of Aids to Navi-
gation Teams has been an ongoing effort to develop discre-
pancy buoys. Discrepancy buoys are lightweight lighted
buoys that can be utilized by ANT units or other shore
based units to temporarily correct lighted buoy discrepan-
cies that would ordinarily require a tender to correct.
Discrepancy buoys have been made in many different ways,
primarily using small unlighted buoys as a platform. Even-
tually about seventy ANT units are to be established if
_ . 21
the program continues to be successful.
Aids to Navigation Bulletins: (Oct. 1971 - Mar. 1972)
p. 19; (May - Dec. 1973) p. 28. Success appears probable.
Actually ANT is a proven concept practiced as early as the
late 1960 's by buoy tender personnel as a direct result
of reduced weight primary battery power units. Tender
personnel using their own cargo boat or borrowing trailer-
ized boats and vehicles from nearby stations, serviced aids




Also of significance resulting from the studies
has been implementation of the 180' Buoy Tender Moderniza-
tion and Renovation Program, and the ongoing testing and
evaluation of plastic buoys. The reduced frequency of
servicing aids to navigation for other than discrepancy
situations has contributed to cost-effectiveness. Progress
towards attaining reduced frequency goals for routine visits
is indicated in Figure 4. Most importantly the studies
themselves have guided the Coast Guard into formulating
policies that examine cost-effectiveness and consider alter-
native courses of action.
2. Sound Signals
During periods of low visibility, reliable sound
signals may be the only warning provided a mariner approach-
ing danger. Methods depending on wave action also fail to
operate in dead calm seas. Attempts to power buoy sound
signals have met with only mixed success. The following
comments address this area most appropriately.
"The ultimate in reliability is still beyond our
grasp. We are searching for a highly dependable sound
signal with the fewest possible moving parts and the
least amount of circuitry. One that can sustain the
shock of open water without failure, that is cheap
and easy to maintain, and one that runs on the least
amount of power. When this horn is developed, then
bells, gongs, whistles and bell strikers will join
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3 . Multi-seasonal Use of Primary Batteries in the
Ninth Coast Guard District
Since 1969, the servicewide use of primary batteries
has provided for flexible and longer service intervals
between routine power unit replacements. This has enabled
actual operating conditions to be matched with potential
battery capabilities. However, for several years full
potential has never been realized on the Great Lakes (Ninth
District) , due to the seasonal operation of these aids to
avoid ice hazards. In an attempt to obtain more effective
use of power unit capabilities, the Ninth District decided
to use batteries for second and third seasons provided the
power unit in question met visual inspection, closed circuit
voltage, and remaining capacity requirements. Because of
interim stowage and handling problems associated with the
extremely cold temperatures encountered in the Great Lakes
Area during the winter, a tradeoff between potential
battery savings and increased probability of battery failure
for the ensuing season exists. Recently a smaller capacity
battery of 600 ampere-hours that is currently used only with
shore aids, has been placed on the market at a proportionate
reduction of the cost of 1000 ampere-hour batteries. Should
a corresponding power unit of 600 a-h capacity be developed,
many buoys currently operating with multi-seasonal power
units will be powered with one season units, hopefully re-
sulting in greater battery consumption before replacement
without an increase in probability failure.
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4 . Discussion of a Major Aids to Navigation Problem
Area Involving questions of Coast Guard Liability
Based on Buoy Positioning
The purpose of this discussion is to illustrate
an additional approach toward improving buoy positioning
accuracy. The position aspect of buoys is currently the
subject of court litigation where judgements in access
23
of $127 million dollars are being sought.
a. Background
Normally under suits in Admiralty, the plain-
tiff stands to collect damages from the Federal Government
if negligence in maintaining the Aids to Navigation System
can be proven against the Coast Guard. Negligence can be
in the performance of work or failure to correct a discre-
pancy. Two ways Llie latter category ccm be predicated
include actual notice, discrepancies actually discovered or
reported, and constructive notice, discrepancies not ob-
served or reported but within the Coast Guard's purview to
have been reasonably acted upon.
Once a buoy is established in a position delineating
the limits of best water, this position information is
given to appropriate agencies for charting. From then on
buoys must be placed accurately on the charted position.
Should bottom contour changes be detected and it is deter-
mined that a buoy is to be relocated, immediate dissemina-
tion of this information is required with Broadcast Notice
to Mariners. Continuous advertisement in Local Notices to
23Aids to Navigation Bui. (May 73 - Dec. 73), p. 10
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Mariners is required until charts can be corrected to reflect
the new location.
In essence the Federal Tort Claims Act exposes the Coast
Guard to suit should a vessel collide or ground as a result
of reliance upon a charted buoy. It is then up to the Coast
Guard to prove that the system had been maintained in a
reasonable manner. Unless a buoy's proper position can be
proved, no assumption about subsequent movement by heavy
weather can be made. Even if positioning was properly and
accurately accomplished, mistakes such as reversed left
and right angles discredit the competence of the Coast Guard
for the entire operation.
The Coast Guard has put a major effort into alleviating
this increasingly occuring problem. There are a multitude
of procedures and instructions concerning buoy positioning
and position reporting processes as these operations are
precise and demanding. Because of uncontrollable circum-
stances, such as poor visibility, the most precise method
or combination of methods available must be used to accom-
plish the task, even though these methods may not be the
most preferred method. The comprehensive procedures and
instructions include the following considerations:
(1) Buoy positioning instruments are properly calibrated
and in a good state of repair. These instruments include
sextants and other inherent systems aboard a servicing unit
used to determine buoy positions such as visual bearings,
radar ranges, and depth soundings.
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Positioning with horizontal sextant angles combines
simplicity with extreme accuracy; however, certain limita-
tions such as poor visibility preclude their use at all
times. A buoy's position can be defined with two angles
obtained by using the sextant in the horizontal position
instead of the usual vertical position. The left and
right angles are determined from three objects - left and
right objects using a mutual center object. The buoy's
position and center object's location are defined where
two imaginary circles intersect. Care must be exercised
in selecting objects in order to avoid "swinqer angles"
(angles obtained from objects located such that the two







(2) The most precise means available are used in buoy
positioning operations supplemented with additional angles,
bearings, and ranges. Particular attention to quality of
angles is important.
(3) Appropriate charts are fully corrected and accurate
depth determination is obtained such as with leadlines (hand
employed)
.
(4) Check that the buoy serves purpose intended (hydro-
graphy changes) when on charted position, and that all infor-
mation in the Light List is accurate and up to date. A buoy
found off station is either reset on charted position or
promptly reported as off station.
(5) A continuous training and maintenance program to
support the above.
In a separate effort, research and development work in-
volving an electronic buoy positioning device or equipment
is being conducted. One such system, costing $47,000 for
one vessel, is to be tested in the future. In a special
project, Commandant (GWAN) is attempting to develope new
techniques to assist in accurate positioning of buoys.
It is a response to this endeavor that an additional
approach is presented.
LCDR G. Clark (GWAN-1) is working on this project.
In a recent Aids to Navigation Bulletin, LCDR Clark contri-
buted a detailed discussion of gyro errors and their rela-
tionships to latitude and vessel speed, and resultant quality
of visual lines of position (bearings) . Aids to Navigation




When a tanker runs aground near a channel marked
by Coast Guard buoys that were relied upon while transiting
the channel, the potential legal implications are enormous.
Besides structural damage sustained by the tanker there are
the possibilities of loss of life, oil discharge, and
blockage of the channel so that other maritime traffic is
delayed. For this scenario, three alternative reactions are
presented.
Definitions :
Buoy Reliability: the ability of a buoy to survive
hazards, including component failures
such that the buoy does what the
Coast Guard intends for it to do 24
hours a day.
Charted Object: a light structure, tower, tank, spire,
chimney, or any definite and distinct
object that is accurately located on
a chart for buoy positioning.
Assumptions :
(1) The continuing need and therefore use of
buoys to accomplish SRAN Mission goals.
Justification:
(a) Booz-Allen conclusion which takes into
account the economics of minor light structures versus buoy
flexibility resulting in total numbers of buoys that are
essentially stable for the foreseeable future.
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(b) Need for temporary aids.
(c) Future adoption of plastic buoy hulls
and solar energy as a power source will not alleviate the
need for buoys.
(2) The cost to operate and maintain buoys
will be no less in the future than in the past.
Justification :
(a) Revised lower cost servicing schedules
and procedures reflecting greater reliability of aid com-
ponents and the Booz-Allen studies are already in effect.
(b) Inflation.
(c) Energy crisis.
(d) Personnel - ending of the draft has led
to sharply higher recruiting costs.
(3) Buoy component reliability will be at least
the same in the future as in the past.
Justification ;
(a) Signal Engineers and technological
personnel will continue to make major contributions in this
area. The solid-state flasher is an example of the progress
already accomplished in component reliability.
(b) Continued strong QPL standards and
procurement control.
(4) Overall buoy reliability will be at least




(a) Overall weather conditions will
average out the same in the future as in the past.
(b) Increased Professionalism - The Coast
Guard will continue a fairly successful effort in training
personnel and maintaining traditional buoy position appa-
ratus in an acceptable state of repair. As a result, there
is no reason to believe that the use of wise and prudent
selection of available objects or sextant angles and accur-
ately adjusted apparatus will not continue to result in
sufficient expertise with sextant use, plotting positions,
and buoy seamanship proficiency. The Aids to Navigation
School, Manual and Bulletins will contribute to this effort.
(c) High personnel turnover rate - this is
a negative factor that to some extent can be overcome by
increased professionalism. Although high turnover among
personnel is undesirable because learning capabilities are
usually never developed to full potential, it is somewhat
necessary in view of the Coast Guard's ten separate missions
and significant amount of isolated duty stations. The end-
ing of the draft has also raised questions about the quality
of present day recruits. While it is assumed that CG per-
sonnel habits will not so change, and thus personnel errors
will be related to a high turnover rate.
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c. Alternative 1 - Management Approach
This approach will eliminate the implicit assump-
tion that objects used to determine buoy positions are
actually located as charted. Although extremely uncommon,
chart production errors not detected and surveys of objects
charted that were not conducted or recorded accurately can
lead to buoy positioning errors. This factor has been a
major issue in one of the largest pending suits against the
Coast Guard. Furthermore, it will be assumed that those
objects used for positioning buoys are not always of high
quality or available in sufficient number or location.
Thus within budget and time constraints and under the assump-
tions already stated, there is the opportunity to improve
upon charted objects that are relied upon for important buoy
positioning functions. The following areas are considered
within the realm of the Coast Guard.
(1) Servicing units are able to identify and
report on objects that. are used by necessity even though
their charted position may be suspect, as well as potential
objects of high quality already in existance but not
charted.
(2) Servicing units can identify and in some
convenient cases directly improve upon objects in need of
enhanced visibility by use of reflective materials or brush
clearing similar to the manner in which shore aids are
maintained. In some situations, due to inaccessibility or
property restrictions, servicing units will require high
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level assistance in obtaining approval and affecting
desired object visibility improvements.
(3) In some locations available charted
objects are insufficient for buoy positioning purposes.
Were servicing units able to identify these areas, high
level authority could look into the possibility and verify
the need for creating new objects in view of deed or ease-
ment restrictions.
(4) In rough service areas, where aids of
rugged components have a consistent history of not being
able to survive hazards of the environment for entire
season, consider going to seasonal operation similar to
the CG Ninth District facing ice hazards each winter.
(5) In those areas identified as particularly
vulnerable to claims litigation due either to marine traffic
patterns or court trends, consider an intensive effort in
applying this management approach.
d. Alternative 2 - Technological Approach
Conceptually this approach would involve the
development of an accurate positioning device. Such a device
would have an advantage over the management approach by
being effective during periods of poor visibility. However,
the cost of such a device or system of devices might become
constraining. A system costing $47,000 for one vessel,
that was requested in the Fiscal Year 1975 Budget, was
eliminated due to other priorities.
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e. Alternative 3 - Aerial Photography
This method, which was presented in the Booz ,
Allen Studies as a project for consideration, could help
alleviate buoy positioning problems, but primarily from a
defensive point of view. Such a technique, appears to be
well suited for areas well defined, such as rivers, that





Of the three alternative approaches discussed,
primary emphasis has been placed upon the Management Approach
since it is believed that certain areas of this method could
be easily implemented at a relatively small cost. The real
problem presented, which would require extensive analysis
to evaluate thoroughly, is determining what it would be
worth to the Coast Guard in a Risk-Return tradeoff comparison
to effectively implement each alternative. It is left for
further study to determine the estimated cost of each alter-
native, and compare this with the expected benefit to be
realized as a result of decreasing probabilities of buoy
positioning failures, and thus potential claims and
litigation.
E. A PROJECTION
The Coast Guard is in the midst of continuing Aids to
Navigation evolution. While possible, the complete extinc-
tion of buoys in the future appears remote. More likely
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the future may see long service life buoys equipped with
solid-state components, indestructible moorings, and long
life Flash Tubes. Moreover, these lightweight heavy duty
buoys may be accurately positioned anywhere by a special
device and powered indefinitely by solar energy.
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III. DEVELOPMENT OF MODIFICATIONS TO THE AIDS TO NAVIGATION
MANAGEMENT INFORMATION SYSTEM
A. INFORMATION NEEDS IN THE AIDS TO NAVIGATION AREA
The Simplified Aids to Navigation Data System (SANDS)
is the present information system for the Aids to Navi-
gation Mission. SANDS was implemented on a partially
operational basis during the mid 1960 's. Utilizing the ad- •
vancing technology and spectacular growth in the use of
electronic computers characteristic of the period, it was
specifically designed to reduce the number of reports required,
enable easier preparation of those reports retained, and to
proviuu niui e and bettei information than previously available.
Because of the importance of the Short Range Aids to Navi-
gation Sub-system in promoting safe and economic maritime
navigation, short range aids have to be developed, operated,
and maintained within high levels of reliability for prolonged
periods and sometimes under adverse circumstances. In order
to satisfy this general need of the public adequately, Coast
Guard personnel involved with Aids to Navigation duties re-
quire an information system that generates a rapid flow of
wide varieties of developed information suited for all levels
of management in carrying out their particular functions.
The functions can be divided as follows:




- Heavy hardware stowage and major buoy maintenance
support of bases or depots.
- Inventory and distribution of SRAN components by
the Supply Center.
~ Procurement and development of aids and aid components
by Headquarters and District technical staffs.
- Construction of aids to navigation boats and buoys
by the Yard.
- Training of personnel by the Aids to Navigation School
- Budget presentation by aids to navigation Program
Managers.
- The overall supervision, assignment of responsibi-
lities, and policy formulation of Headquarters and
District Aids to Navigation staffs.
Of primary importance to the effectiveness of aids and
usefulness of the information system are the prevention,
early detection, and correction of aid deficiencies known
as discrepancies; -such as buoys not on charted position
and lighted buoys that are extinguished. Most critical are
discrepancies involving aspects of an aid that may confuse
or mislead the mariner into situations where the non-func-
tioning aid is more dangerous to navigation than no aid at
all. In these cases, immediate information dissemination
and corrective action within 24 hours is usually desired,
as well as any other considerations deemed appropriate.
The effective coordination of the different aids to navi-
gation functions is essential in successfully responding
to and reducing discrepancies.
Administrative personnel and program managers need
information about aids and aid systems in order to
62

continually review their effectiveness in meeting both
the needs of the mariner and budget constraints, their
justification as a necessary part of the overall system,
and their maintenance and operation in conformance with
established policies. Information is used by administra-
tive staffs to coordinate aid responsibility assignments
and maintenance schedules among servicing units. Procure-
ment and technical personnel need special types of infor-
mation relating to aid performance in order to evaluate
the best types or combinations of types of equipment. This
task is complicated due to the complex and peculiar charac-
teristics of most aid components. Yard personnel have need
for similar information about buoys and the performance of
aids to navigation boats. The Aids to Navigation School
utilizes information with regard to personnel errors to
emphasize training against such mistakes in the future. In
order to correct and prevent discrepancies, operating units
need the support of logistics units to insure a sufficient
supply of spare equipment and components is on hand or
readily available to meet potential discrepancies as well
as routine servicing requirements. Because of the uncertain
nature of discrepancies, timely information about hardware
replacements is important to supply managers in attempting
to determine desirable purchase quantities. In carrying
on aids to navigation operations, personnel of servicing
units have, almost without exception, been kept fully
occupied in doing their job. These duties have left little
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if any time for intensive review of each aid or groups of
aids under their responsibility. This is rightly so,
because the Commanding Officer and other key personnel of
a buoy tender, for example, spend many long hours on the
bridge, buoy deck, or in the engineroom doing their jobs
while engaged in hazardous operations near dangerous
waters. One mistake such as a navigational one and opera-
tions are over. Thus the information system should enable
servicing personnel who complete and review the work report
to do so accurately within time constraints. Moreover, the
information developed from the system should help servicing
personnel in maintaining and operating their aids, and
where possible prevent aid discrepancies due to oversights.
In describing specific provisions of the SANDS System
in 1970, Booz, Allen indicated:
"...a fully operational and adequately funded and
staffed program should provide for:
Verification and refinement of planned servicing
intervals, scheduling of optimum unit servicing trips
by keeping track of expected component life on each aid
planning of material requirements, and allocation of
support facilities for the servicing of A-to-N
equipment;
Analysis of the A-to-N system in order to assess
the reliability of the system and individual aids and
aid components within the system, evaluation of alter-
native mixes of aids, and review of the support system
requirements
;
Accurate identification and inventory of A-to-N
equipment, and accurate and timely cataloging of aids
for both internal Coast Guard use and external use by
mariners, charting agencies, etc.;
Input to simulation model of the A-to-N system;
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Identification of weak areas where research and
engineering emphasis should be concentrated. "25
B. THE PRESENT SYSTEM
The Aids to Navigation Work Report (CG-4429) , which
is the basic source of raw data, is prepared by Coast
Guard units at the scene during the time an aid is serviced
The present content and format of the work report has re-
mained essentially unchanged since its inception. Required
information includes the description and condition of an
aid, reason for the work, work performed, and component,
equipment, and aid inventory information. In addition to
providing information, this report becomes a legal and his-
torical record of the aid and, as an official document, the
Aids to Navigation Work Report can be admitted as evidence
in a court of law.
A detailed discussion of the present work report assumes
some familiarity with its format. A blank of the present
Aids to Navigation Work Report, revised May 1969, is pro-
vided as Figure 6 for this purpose.
Instructions and codes used in preparing the Aids to
Navigation Work Report are contained in Appendix D to the
1964 Aids to Navigation Manual (CG-222) . Appendix D, which
is referred to as the SANDS Manual, also provides rules
and reference material for operation of the entire SANDS
System. The work report is formed with an original and two
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copies with interleaved carbons. At the time an aid is
serviced the aid description, characteristics, and compo-
nents are entered by hand where applicable, using direct
? ft
reading codes from the SANDS Manual. Normally only changes
in this information need to be entered as this data is pre-
printed based upon the last report. If an aid requires ser-
vicing more than once within a short period, the preprinted
new form most likely will not be on hand, and all of this
information must be filled in. The work reason, work com-
pleted, condition of an aid, and cause of condition are
entered using check marks. Servicing data, aid position,
and general remarks are completed in long hand. Upon com-
pletion and signing of the report, the original is forwarded
promptly by mail to the District Aids to Navigation Branch
Office. The first copy is to be filed by the unit with
primary responsibility for the aid, usually the unit that
serviced the aid. If a secondary unit serviced the aid,
the first copy is forwarded to the primary unit. The second
copy is to accompany repairable defective components returned
to a support base or depot. If the second copy is not so
used, the SANDS Manual indicates it is to be destroyed.
To describe an aid's characteristic in Part I, Item 10
for example, the number code "4 04" is used to indicate a
flashing light of 0.4 second duration, showing a flash every
4 seconds. This description is referred to as a FL4(0.4)
characteristic. The letter "G" indicates that the color of
the light is green.
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Aids to Navigation Work Reports received at district
offices are reviewed and, if required, returned to units
for appropriate verification or correction. Data from cer-
tain portions of each work report are entered onto punched
cards / which are identified as updating cards or work per-
formance cards. At the end of a month, the cards are
divided into two categories and forwarded to Commandant
Data Systems Division (GCDS) . Transactions cards are made
up of routine updating cards and work performance cards,
while correction cards are previously transmitted trans-
action cards that have been corrected. Commandant (GCDS)
edits and processes the cards, revising the Headquarters
Master Record File. Data not conforming to SANDS Manual
codes and procedures are rejected and turned over to Com-
mandant Aids to Navigation Division (GWAN) who has overall
responsibility for the operation of the SANDS System. Re-
jected data are reviewed and may be returned to District
Commanders for correction
Quarterly, and Aids to Navigation Assignment List
(CG-4500) is prepared and used locally by District Offices.
This list contains unit schedules for servicing, recharging,
and relieving aids assigned to them. It is used as a tool
in revising schedule dates in consideration of emergencies
and unscheduled trips. Annually, at the end of March, the
Aids to Navigation Assignment List is prepared for and sent
to primary and secondary servicing units and a copy is
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forwarded to Commandant (GWAN) . This list serves as a
catalog responsibility list and authorized equipment list
for each servicing unit, as well as a complete listing for
secondary units in the case of emergencies.
The Quarterly Report of Operation of Aids to Navigation
(Program 03844C) is designed to produce periodic aid inven-
tory reports and certain aid servicing statistics. This
report is prepared at Headquarters utilizing SANDS master
and history files, and may be run for any time period
that is designated to the program by a control card. Re-
sults of the program are divided into four tables that
contain information for each district followed by a summary
for the entire Coast Guard. Table I includes aid inventory
information for each basic type of aid including a total for
the beginning of the period selected, number established and
disestablished, and a total for the end of the period. Table
II reports an analysis of work performed, aid operations
including the number of visits to each type of aid, and the
total and average time on site for the period selected.
Table III examines visit information and separates visits into
routine and discrepancy classifications. Discrepancies are
further divided into three categories: 1) reported-found to
be actual, 2) reported-found to be false, and 3) discovered
by the reporting unit. Table IV provides similar informa-
tion to Table III but excludes environmental hazards such
as weather, ice, collision, and vandalism. The Quarterly
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of Operation specifically emphasizes visit information in
order to examine the impact of servicing policies in reducing
27the cost of maintaining and operating aids.
Special SANDS inventory information (SANDS Inventory
Utility Program) is available from three data sources, Head-
quarters Master File (Program 03824C) , Headquarters History
File (Program 03828C) , and District Terminal Master File
(Program 03835C) . This additional information developed
from the SANDS System similarly to the Quarterly Report of
Operation, may be used as a guide for supply and support
units, engineering personnel, and any other personnel with
duties related to Aids to Navigation. Thus personnel res-
ponsible for primary battery management, the Power Section
of Commandant Ocean Engineering Division (GECE) , might
desire information pertaining to primary batteries.
Figure 7 depicts the flow of data and information in the
present SANDS system.
Since its original implementation only minor permanent
changes have been made to the SANDS reporting system. The
following lists contain dates and substance of those changes
applying to the Aids to Navigation Work Report and the SANDS
Manual
Aids to Navigation Work Report Changes
March 1967 The report form was changed to reflect
transfer of the Coast Guard to the Depart-
ment of Transportation.
7z Operating Instructions for Quarterly Report of Opera-
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May 1969 Block 8 3 of the report form, "Primary
Cause of Failure" was modified so that
an entry here was required "for all dis-
crepancies" in lieu of "for equipment
only."
Provision was made for entering a Fog
Detector type and serial number.
Provision was made for a separate entry
to include Bottom Description characteris-
tic, and the charted depth of water.
July 1971 Use of Block 30, Part I, was eliminated
because the risk level classifications
(Urgency Codes) generated by an aid non-
functioning were determined to be unrealis-
tic. These classifications reflected The
Shore Units Plan (CG-380) and consequently
were designed solely as guidance for shore
units in maintaining aids closeby.
SANDS Manual Changes
18 Mar 1968 The Manual was amended to reflect changes
in the distribution of the completed re-
port and give instructions on standby or
duplicate components that would require
use of a second work report set.
26 Sep 19 69 The Manual was completely revised to cor-
respond to changes in the work report
and update new codifications for recent
additions of navigational aid hardware.
C. AREAS FOR FURTHER DEVELOPMENT
In addition to the comments about the SANDS System pre-
viously described, Booz, Allen reported in their 197
studies:
"SANDS is a management information system that has
been partially operational for over 3 years. The system
was developed by the Coast Guard to assist its managers
and operators in the persormance of their A-to-N respon-
sibilities. SANDS is a necessary and workable system.
However, its full potential has not been realized, pri-
marily because of delays in installation of proper compu-
ter facilities at both District Offices and Headquarters
and a lack of trained personnel and financial resources.
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With support from higher levels of management, including
the availability of adequate funds and trained personnel
the SANDS Program could be developed into an effective
management tool. "23
As a result of the Booz, Allen studies and subsequent
evaluation the Coast Guard determined that!
"The increased reliability of buoy components has
made the probability of an aid discrepancy due to equip-
ment failure in less than 12 months very small. Analyses
of buoy discrepancies have shown that the more frequently
buoys are visited, over and above that dictated by sound
engineering maintenance practices, the higher the proba-
bility of a discrepancy. Some causes of buoy discrepan-
cies can be prevented by routine maintenance, however,
discrepancies which are caused by uncontrollable events
such as weather, collisions, vandalism, etc., cannot be
prevented by routine visits. Routine maintenance, there-
fore, has an impact in the prevention of only certain
types of discrepancies, and visits to buoys for unneces-
sary component inspections can no longer be justified
in view of the costs associated with such visits. "29
1 . An Experimental Aids to Navigation Work Report
In connection with this policy change, the Quarterly
Report of Operation of Aids to Navigation was developed to
closely analyze servicing visits and related procedures,
The program is well designed for this purpose; however,
the usefulness of the information generated is limited by
the present deficiencies in the SANDS reporting system.
Supporting this contention is the fact that an Aids to Navi-
gation Work Report form with major revisions is currently
Booz, Allen Applied Research, Inc., Servicing System
fcr Short-Range 7\ids to Navigation , pp. 73-74.
29This passage was contained in COMDTNOTE 3261, 31 July
72, which was officially cancelled when its basic content
was included in Book One, "Administration," Aids to Navi -
gation Manual (CG-222-1) .
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being used on an experimental basis in the First Coast
Guard District. This form features a plain language format
in lieu of partial coding used with the present report. Some
check boxes are included to enable easier preparation. In-
spection and service note areas have been added so hand
written messages can be computer printed on subsequent forms.
A general comment area has been retained. Probably the most
significant change is the addition of last date, projected
date, and service interval used spaces for various types of
services to be performed. Where scheduled dates are listed
in Julian date format in the present report, these and other
dates are in month, year format in the experimental form.
On the revised form certain sections are different in the.
unit and district, copies, such as the last date, projected
date and service interval used spaces which appear only on
the unit copy.
While the Quarterly Report of Operation is being used
to meet most administrative, engineering, and supply per-
sonnel needs, at the present time only the Annual Aids to
Navigation Assignment List is being used on a regular basis
to feed back information to servicing units. Briefly, ser-
vicing units get back from the system whatv they put in along
with any predetermined equipment authorization changes.
Since the routine servicing frequency of aids has been
30Aids to Navigation Bui. (May-December 1973) , p. 4
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extended while the feedback information provided to servicing
units has remained limited, a special information system,
which would monitor SANDS data and feedback to servicing
units information found to be questionable about aids under
their responsibility, seems to hold much potential. Thus,
simple oversights could be detected and potential discrepan-
cies or unnecessary waste of aid hardware could be avoided.
The chances are good for reducing the overall number of visits
to a particular aid so monitored. This special information
system would be most useful in monitoring lighted buoys be-
cause they present the most opportunities for non-functioning.
Although the present SANDS System is working and provides
ample information to most personnel, full potential has yet
to be developed. This is understandable since the system has
been in operation for less than 10 years and the Coast Guard
has been faced with budget constraints in developing the
Management Information System.
2. Examination of Present Aids to Navigation Work Report
Since the work report serves two very important func-
tions, as a primary data source and a legal record, its for-
mat and content must be designed to meet both objectives.
In addition SANDS files provide an effective management tool
for operating units, especially those using the remarks sec-
tion for their own use. Taking into consideration the
author's familiarity with the present form from past experience
an attempt was made to identify common errors or omissions in
required information on the SANDS Report. For this purpose
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reports for 25 lighted buoys from the Thirteenth CG District
were examined. The reports were for calendar year 1972-1973.
Because most work reports in the Thirteenth District -included
extra information in the general remarks section, such as
closed circuit battery voltage readings, they were judged
to be at least as complete as the average report completed in
the Coast Guard. This data sample consisted of a total of
79 visits to service aids, consequently 79 work reports were
examined. A detailed listing of the errors detected is con-
tained in Appendix B; a brief summary of the major types
of errors is provided in Table IV.
TABLE IV
Summary of Major Types of Errors Detected in 79 Work
















Since there were a total of 39 errors observed, there
was an average of one error for each two work reports examined.
In some cases up to three errors were noted in the completion
of one report. While only some of the errors would result
in erroneous information in the Master Record File maintained
at Headquarters, all errors and inconsistencies would tend
to discredit the Coast Guard should the report be produced
as evidence in a court.
In assessing these results it must be noted that it is
extremely difficult to interpret information that is incon-
sistent or incomplete, especially when examined after a year
or more has elapsed. An attempt was made to resolve those
entries or lack of entries in question through discussion
with the Thirteenth District Aids to Navigation Office. In
a few situations where the inconsistencies could not be re-
solved, the information presented reflects the author's
opinion, with due consideration being given to the overall
31
nature of the report and any comments in the remarks section.
Errors frequently encountered involved the indication of
component replacement in the aid description section while
replacement of the component in the work performed section
was left blank (unchanged) or vice versa. Other entries
or missing entries appeared to be simple oversights. Some
errors could be directly attributed to the use of SANDS
31These procedures were also used in verifying or deter-
mining the data processed throughout this project.
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Manual alphanumeric "direct reading" codes which have
little association with the type of data they represent. For
example, the code '47', meaning primary cause of failure was
the lampchanger, was used by mistake for code '46' meaning
the flasher was the primary cause of failure of an aid.
3 . Important Information not Being Provided For with
the Present Work Report
Several types of important information are not being
provided for in the content of the present work report. For
power units or batteries there is only a scheduled recharge
data. This information was adequate when the present form
was first implemented because secondary batteries, predomi-
nantly in use then, were normally recharged every six months.
With the permanent change to primary batteries in 196 9, power
units were used with various lamp and flasher characteristic
combinations for flexible periods of up to three years. Thus,
there is a need to indicate the last recharge (replacement)
date and the service period used. This interval, which is the
expected total useful operating life for a primary battery or
combination of primary batteries, is referred to as the Rated
Battery Discharge Time (RBDT)
.
In many cases it was extremely difficult to determine the
reason a component was replaced because the present form does
not provide for such indication. Exceptions to this problem
occur only when a particular component replaced is also the
aid's primary cause for failure or, when amplifying replace-
ment comments are entered in the remarks section.

Of the work reports examined, a substantial number indi-
cated the loss of components during servicing or the salvaging
of buoys previously washed ashore during a storm. This infor-
mation, which is optional, was entered in the remarks section.
By providing for uniform recording of this information, better
analysis of aid hardware consumption and performance can be
attained.
D. SUGGESTED IMPROVEMENTS
1. Aids to Navigation Work Report Modification s
Many of the SANDS errors detected can be reduced
or avoided, and additional desirable information can be
included by redesigning the Aids to Navigation Work Report.
a. Power Units (Batteries)
It is projected by COMDT (GEOE) that batteries
will account for over 2.5 million dollars in expenditures
during Fiscal Year 197 5. Most power units and batteries
are purchased directly by servicing units and bases from
McGraw Edison Company and Union Carbide Corporation. Bat-
teries come preactivated or are activated using prepackaged
electrolyte at the time they are placed in service. Because
of recent problems with the user-activated variety, increased
use has been made of the preactivated type, which now comes
in transparent cases. Batteries begin deteriorating while on
the shelf and thus a 12-month maximum storage period has been
designated to preclude retention of batteries beyond the
expiration of their specified shelf life. Once placed in
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service "all batteries shall be capable of providing suf-
ficient voltage for a period of three years or RBDT, which-
ever is less, starting from the end of recommended shelf life,
without maintenance, providing the electrical loading charac-
32teristics ...have not been exceeded." The average in-service
failure rate of batteries and power units is not to exceed 5%
per year. Because power units and batteries are particularly
vulnerable to manufacturing errors, strict quality control
testing and procedures are specified. In order to disseminate
the necessary information required by units in servicing aids
and obtaining an accurate RBDT for each assigned aid, Comman-
dant Instruction 10500. 32A (Primary Batteries for Aids to
Navigation) was promulgated. This directive consolidates
applicable sections of the Batteiy Specifications (GEOE
Purchase Description 191A) , Flasher Specifications (GEOE
Purchase Description 187B) , and Visual Signalling (GEOE Re-
port CG-250-37). By redesigning the present Aids to Naviga-
tion Work Report this valuable information could be readily
recorded and fully utilized:
(1) Because the present form does not indicate
when the aid was last recharged and the RBDT used, if the
scheduled recharge date is calculated in error it is likely
that either the batteries will be replaced unnecessarily .
early or the batteries will be exhausted when normally due
and result in unexpected discrepancy visits. It is essential
32 Purchase Description No. 191A, "Primary Batteries for




to know the last date of replacement because the RBDT can be
automatically determined for any specific power capacity,
lamp, and characteristic combination. For power units and
batteries it would also be desirable to indicate the source
of the information used in determining the RBDT because of
policy changes regarding safety or correction factors and
occasional equipment changes.
(2) It is normal procedure to check a battery's
condition by visually inspecting the vital parts such as
carbons, zincs, and breathing apparatus, and by taking
measurements such as closed circuit voltage readings. If
space were provided for this information on the report form,
expected life curves of actual battery performance in the
field could be obtained for various operating conditions.
While most units apparently take such readings, they are not
generally being recorded.
(3) The experimental Aids to Navigation Report
Form, developed as a result of the research by Booz , Allen
and subsequent determination by the Coast Guard leading to
present testing in the First Coast Guard District, allows
for some of these changes. Space for entries for last date
of battery replacement, interval used (RBDT) , and projected
date of replacement are provided on the new form. However,
the district copy must also contain this information if





The number of successful changes or rotations
performed by a lampchanger are possibly more important to
its useful life than time in service. . However, at present
no recording is being made of these successful changes al-
though the information is readily available. Usually the
standard CG-6P Lampchanger is left in the #1 position, which
has a red mark. If upon the next visit the operating lamp
is found normal in the #5 position, 4 successful changes were
executed. If this lamp is burned out, 4 successful changes
and 1 unsuccessful change were performed.
c. Reason for Replacing Component
Probably the most difficult information to deter-
mine from the present work report is the reason a particular
component was replaced. In many cases the primary cause of
failure has nothing to do with another component being
replaced. By providing for the recording of this information
more accurate analysis of component usage and consumption
could be obtained. According to an article appearing in the
Aids to Navigation Bulletin, 3 COMDT (GEOE) has determined
that a significant number of flashers and lampchangers were
erroneously being replaced at the expiration of their two-
year warranty period. If component replacement reasons
were indicated on the work report, misperceptions of replace-
ment policies could be readily identified.





d. Continuity of Reports
While there is no evidence to support the
assumption that work reports are inadvertently mishandled
or lost in the main, it is possible that these events could
occur. Neither the present nor the experimental forms have
provision for consecutively numbering reports, whereby
missing report forms could be noted.
e. Exchange of Reports by Servicing Units
For many years aid servicing responsibilities
have been assigned to primary and secondary units. Normally
most servicing of a particular aid has been accomplished
by the primary unit. Occasionally the responsible secondary
unit has serviced the aid in order to correct a discrepancy
while the primary unit was not in the area. This included
the completion and appropriate distribution of Lhe work
report. The current SANDS system does not provide for copies
of work reports to be retained by the secondary units. Re-
cently the primary-secondary concept has been modified in
that mobile Aids to Navigation Teams (ANTS) and buoy tenders
have a dual responsibility for jointly assigned aids, as
aid servicing functions not requiring the larger buoy tender
are accomplished by the less expensive ANT. It is important
that these units provide each other with copies of work
reports for jointly assigned aids so each unit is kept fully
advised of aid status.
83

f. Equipment Lost or Damaged During Servicing
The present work report contains no provisions
for indicating equipment lost or damaged during servicing.
Some servicing units have made local use of this information,
which can be indicated in the remarks section. For example
should a buoy be known to be sunk near its aid position
and never located, knowledge of this information would be
important to subsequent aid servicing in the same area.
During extremely cold weather a power unit is given rough
handling such that it is damaged. A lantern assembly fully
equipped with other visual signal components is accidently
lost over the side or damaged during servicing; while working
a buoy moorings part and are lost. These and other instances
occur frequently, but only after several months have elaspsed
is their loss picked up in a survey report. Some of this
information never enters the present SANDS System. By
providing for the recording of such information on the work
report, better and more timely estimates of actual aid hard-
ware useage can be obtained.
g. Report Format
A distinct format advantage of the experimental
form over the present form is the use of a plain language
format by the reporting unit. This emphasizes the use of
abbreviations and acronyms easily associated with the type of
data they represent. This feature not only would eliminate
common direct reading code errors, but also would permit
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easier and more rapid completion of the report. Well designed
check mark entries can save time and promote accuracy.
2. Selection of Additional Processing Method
The current SANDS data processing system uses Common
Business-Oriented Language (COBOL) . The primary output,
Quarterly Report of Operation of Aids to Navigation (Program
03844C) / provides a detailed source of periodic aid inventory
information and servicing statistics. It was designed in
view of the fact that the greatest cost in operating aids to
navigation lies in personnel, vessels, and facilities rather
than aid hardware. Through statistical analysis of the
visits made to aids it was hoped that A-to-N operating costs
could be reduced
.
In order to supplement the current Quarterly Report co-
operation, it was desired to find a simple method for
statistical analyses and a way to monitor short range aids
to navigation, in particular lighted buoys and their power
units. According to recent Quarterly Reports of Operation,
the vast majority of all discrepancy visits occur because
of power or battery failures. The monitoring process would
be primarily designed to detect inadvertent SANDS reporting
errors at the field level and simple oversights at all
levels. Thus enhancing aid reliability and decreasing the
number of controllable discrepancy visits. Discussion of a
new data processing method is timely because the Coast Guard
is anticipating consolidation of its present EDP equipment
with other DOT agencies within the next year.
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The search for such a data processing method led to the
selection of the Statistical Package for the Social Sciences
34(SPSS) , one of several statistical analysis packages in
existence. SPSS is a system of prepackaged program (sub-
programs) that can process raw data in a variety of tasks
under any sequence of circumstances. It was especially de-
signed to process survey questionnaires which are, in certain
ways, similar to SANDS Reports. Input data can be read from
disk, tape, or data cell files in addition to punched cards.
Besides being flexible and inexpensive, SPSS is simple to
use.
The SPSS system can accommodate up to. 500 variables.
Features include, one-way frequency distributions, with
descriptive statistics and histograms, crcsstalrjlaticn be-
tween two or more variables, correlation, multiple regression,
scalogram, and factor analyses. SPSS has provisions for
user written internal programs. Optional data modification
routines allow one to select variables meeting specified
circumstances, a feature especially well suited for SANDS
searching procedures. It has provisions for taking a random
sample from a file, so that if one is maintaining a file
of considerable size, a smaller random sample can be taken
SPSS was developed by two social scientists, Norman
Nie and Dale H. Bent, at Stanford University in 1965. To-
gether with C. Hadlai Hull, they co-authored Statistical
Package for the Social Sciences in 197 0. The National
Opinion Research Center at the University of Chicago cur-
rently maintains and distributes SPSS. The package can be
purchased for under $1,000.00 by nonprofit organizations.
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to produce statistically significant results at a reduced
cost. Another feature involves a weighing process whereby
estimated population parameters can be assigned to each case.
Because SPSS enables value labels of up to 20 characters in
length to be associated with each variable value, this pro-
cessing method appears well designed to handle a plain lan-
guage work report format should this form be implemented.
E. DATA ORGANIZATION
1972 and 1973 SANDS data of 100 lighted buoys located
within the Thirteenth Coast Guard District were transferred
to standard 80-column punch cards. Each visit to an aid was
considered a case and contained data on description, status
and service, and analysis cards. There were a total of 402
visits made to the 100 buoys. Routine visits without com-
ponent replacement were consolidated with other data
yielding a final file of 268 cases. Light List (LL) numbers
of the aids examined were taken from the 197 3 Light List,
Volume III, Pacific Coast and Pacific Islands and compared
with the work reports. Codes contained in the SANDS Manual
and on the work reports were used where possible. Because
additional questions were desired reflecting some of the
changes mentioned for the work report, appropriate codes
were assigned for these new variables. A listing of all
codes with explanations is contained within the programs.
Testing and rearranging of format and types of data were
accomplished with two initial runs. Subsequent runs of the
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100 buoys were deemed suitable for the selected studies.
The computer program listings and related output have been
appended.
In order to accurately analyze battery performance, last
recharge data information prior tc 1972 was obtained from
the Thirteenth CG District. This was necessary because of
the problems in determining RBDT's for primary batteries
as discussed above. Complicating the situation was the
fact that policy changes for RBDT safety and correction
factors were implemented since 1972. Thus by using the
present standard RBDT policies contained in COMDTINST 10500.
32A and indicating the previous known recharge data in 197
or 1971, an accurate measure of power unit performance was
accomplished . The only exception Lo this wat> that COMDTINST
10500. 32A does not contain RBDT information for nonstandard
characteristics and the few aids operating with nonstandard
flashers were eliminated from this analysis.
F. APPLICATION OF A MODIFIED MANAGEMENT INFORMATION SYSTEM
The primary purpose of this discussion is to illustrate
how utilization of an additional processing method similar
to that already presented and a modified aids to navigation
work report, including some of the suggested changes, can
be effectively combined to improve the operation of the
Short Range Aids to Navigation Subsystem. A secondary pur-
pose is to illustrate the complexity of the procedures in-
volved in determining RBDT.
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On August 1, 1973, Commandant Instruction 10500. 32A was
promulgated in order to disseminate essential information
relating to primary batteries for aids to navigation. A
previous directive in this series was cancelled. Enclosure
(2) of this instruction contains a service guide for primary
batteries including tables of Rated Battery Discharge Times
for approved power, lamp, and characteristic combinations.
This directive is an official source from which units can
obtain RBDT's for their lighted aids. The instruction was
issued with six errors present in the Tables of Enclosure
(2) , four involving lamp life and two involving incorrect
RBDT's. One of the RBDT errors (2000 ampere-hour battery
capacity with .55 amp lamps and a QKFL 0.3 characteristic)
was almost a ycai in error: 1 year and three days (1003)
in lieu of 1 year and 358 day (1358). On August 5, 1974,
Change One to the basic instruction transmitted changes
correcting the original six errors.
When consideration .is given to the many tables and sources
of information contained in COMDTINST 10500. 32A, it is easy to
understand how such errors occurred. In order to demonstrate
the complexity of an RBDT computation and verify that 1358 is
the correct basic RBDT for the combination in question, a
detailed description of the procedures and calculations in-
volved has been presented in Appendix C. As a result of this
computation it was verified that the basic RBDT for subject
component is 723 days (1358 Julian days) . Servicing units
relying upon the RBDT Tables and replacing power units for a
89

2000 a-h power capacity, .55 amp lamps, and QKFL (0.3)
characteristic combination between August 197 3 and August
1974, would possibly use the wrony RBDT (1003) in calculatina
the replacement date. When change one was issued, it indi-
cated to make pen and ink number corrections to the tables
and thus it is possible that the real impact of the error
was not even understood then because no written explanation
was included.
In addition to determining appropriate RBDT's at the
time of power unit replacement, servicing units will occa-
sionally need to adjust the RBDT period. Interim adjustments
are necessary when an aid's lamps or flasher are replaced
with components of a different lamp size (lead) or charac-
teristic respectively.
There are two different approaches in compensating for
the simple oversight errors involved in the situations pre-
viously described. These approaches are SANDS monitoring
and SANDS searching. SANDS monitoring of lighted buoy power
units could be accomplished if the present work report were
modified to include at least the last power unit replacement
date. Given this replacement date and determining the RBDT
based upon the existing battery capacity, lamp, and charac-
teristic combination, a correct scheduled power unit re-
placement date can be projected for each buoy monitored
through use of SPSS data-transformation cards. Periodically
by use of SPSS data-selection cards the scheduled power unit
replacement date for each buoy as indicated on the SANDS
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report can be compared with Lhe related correct projected
date. Depending upon the prespecified variance range de-
sired, buoys not within the tolerance so specified would be
identified. For example, a buoy is equipped with a 2000
a-h power capacity, .55 amp lamps, and a QKFL (0.3) charac-
teristic. Upon being recharged and having a scheduled re-
charge date determined in error due to the error in COMDTINST
10500. 32A, if prespecified monitoring limits were 90 days,
this buoy would be readily identified because the error
involved was 355 days. Once this buoy is identified and
subsequently examined closely, it would be determined that
an error existed and other buoys equipped with an identical
pover-lamp-characteristic combinaLion might also be scheduled
for power unit replacement in error. At thio time SANDS
searching procedures could then be utilized through SPSS
data-selection cards to actually identify all buoys with
the wrong scheduled replacement date. It is possible that
all the process need entail would be to select the desired
combination of circumstances using SPSS and then, in asso-
ciation with other processing methods, have letters auto-
matically printed and addressed to the units in need of the
particular information.
This application of SANDS monitoring could also be used
periodically to identify all lighted aids with questionable
scheduled recharge dates in order to prevent discrepancies.
For that matter, SANDS monitoring could be set up to detect
all types of potential errors or omissions as well. It
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could also be used by administrative or procurement personnel
to search out aids with special circumstances to effectively
disseminate information about them.
The following illustration is a summary of potential
application of SANDS monitoring and searching routines. A
detailed explanation and analysis is contained in Appendix D.
Through a simulated SANDS monitoring routine using buoys
located in the Thirteenth CG District, it was determined
that an aid, Coos Bay Channel Lighted Buoy 18 (LL 1279) had
a scheduled recharge date not falling within the limits
specified. Through SANDS searching routines all aids with
identical power, lamp, and characteristic combinations were
located. Three such aids with potential errors were found
but only Coos Bay CII LB 18 actually contained an RBDT error.
This was 33.3% of the aids under examination. In effect,
the error involved early replacement of a power unit and
35
approximately $195 worth of unused battery capacity forgone.
If a modified SANDS Report for Coos Bay CH LB 18 had been
monitored periodically, the error could have been discovered
before the power unit was replaced. Similarly, once the
error had been discovered through SANDS monitoring or other
means, COMDT (GEOE) could have searched out all remaining
For this analysis presented in Appendix D, the 30-day
cloud cover factor applying solely to the 13th District was
not included in order to make a more reasonable extension
of potential impact service-wide.
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aids with the potential error using SPSS to prevent
potential early recharging of other aids under identical
circumstances
.
According to SANDS data of January 1974, there were
approximately 115 buoys in service equipped with 2000 a-h
power capacity, .55 amp lamps, and QKFL (0.3) flasher charac-
teristic combination. Assuming that 33.3% of all such buoys
were erroneously recharged under similar circumstances, the
amount of battery capacity wasted would be about $7,47 5.00.
Even if only 10% of these buoys were recharged early, the
expected waste of battery capacity alone would be over
$2,200.00, or more than twice as much as the cost of the
SPSS package itself.
There were also 616 light structures with the flasher
characteristic-lamp combination of QKFL (0.3) and .55 amp
respectively. Since some of these aids were powered by
3000 a-h battery combinations, no error was involved in
them. However, since the error was not detected or corrected
for over a year, it is likely that a significant number of
the light structures equipped with 2000 a-h battery capacity
were also recharged early. When considering that the
$7,475 potential loss is related to just one instance of
simple oversight at the administrative and field levels,
the magnitude of all potential undetected errors for all
battery powered lighted aids, taking into account special




Besides being especially vulnerable to nonfunctioning,
lighted buoys are being maintained by servicing units that
have been increasingly burdened in getting the job done, due
to rapid turnover of personnel and other unfavorable cir-
cumstances such as the sharply higher fuel costs. In addi-
tion the servicing frequency of aids has been recently
extended. By modifying the management information system
and SANDS Report so that lighted buoys could be monitored,
not only field personnel but other personnel as well would
stand to benefit from the new flow of information in carry-
ing on their aids to navigation functions.
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IV. EXAMINATION OF AIDS TO NAVIGATION RELIABILITY
,
HAZARD, AND FAILURE RELATIONSHIPS
A. PURPOSE
The purpose of this study is to demonstrate the useful-
ness of the SPSS processing method in examining the frequen-
cies of various causes for Short Range Aids to Navigation
malfunctions, and the potential for determining hazard,
failure, or error prone combinations or circumstances of
components.
B. AREAS OF EXAMINATION
Information to be examined during the study were divided
I r(f r> 4- V* ^ f a! 1 ami nrr "^O 11 "^ <~* '"> *"» r^ >" P 1 ^ >~O ^> O •
1. Routine inventory information and visit statistics.
This provides a population data base for subsequent
analysis.
2. Major causes for nonfunctioning and or replacement
(relief) of each aid and selected aid components.
3. Significant trends among the following specific
combinations of components and or circumstances
indicating failure, hazard, or error propensities.
a. Buoys relieved due to weather or collision
as a function of aid location and time of the
year
.
b. Buoys relieved due to various reasons as a
function of percentage of expected total useful
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operating life of power units consumed at the
time of replacement or retirement.
c. Buoys relieved for other than routine reasons
as a function of buoy size.
d. Power units replaced due to environmental
hazards, personnel errors, or manufacturing
errors as a function of aid location, buoy
size, vent valves, light characteristic, power
source, lampchanger, flasher, sound signal, day-
light control, bottom description, bridle size,
swivel size, first chain size, and Rated Battery
Discharge Time (RBDT)
.
e. Percentage of power units lives realized at the
time of replacement- or retirement as a function
of aid location, buoy size, vent valves, light
characteristic, power source, lampchanger, flasher,
sound signal, daylight control, bottom description,
bridle size, swivel size, first chain size, RBDT,
and power units replaced for various reasons.
f. Flashers replaced due to environmental hazards,
personnel errors, or manufacturing errors as a
function of buoy size, lantern, lampchanger,
flasher, and sound signal.
g. Flashers replaced due to collision identified
by Aid Light List (LL) Number.
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h. Lampchangers replaced due to environmental hazards,
personnel errors, or manufacturing errors as a
function of lamp size (type) and sound signal.
i. Daylight controls replaced due to environmental
hazards, personnel errors, or manufacturing
errors as a function lantern color, lantern
and sound signal.
j. Lanterns replaced due to environmental hazards,
personnel errors, and manufacturing errors as a
function of aid location, lantern, and sound
signal
.
k. Failure of lamps of various sizes of a particular
aid as a function of aid location, buoy size,
lamp size, lantern, and sound signal.
1. Replacement of entire moorings due to preventive
maintenance (normal wear) or weather as a func-
tion of aid location and bottom description.
4. Special types of information or questions.
a. What is the actual percentage of expected total
useful operating lives consumed by power units
at the time of replacement or disposal due to
lighted buoy withdrawals, discontinuances, or
temporary relief by unlighted buoys?
b. Identification of buoys and moorings lost or
damaged while on station or being serviced, due




The region being examined is the Oregon Coast and the
Columbia River. It is noted that the coastal environment
which includes several bay, harbor, and inlet areas, is
normally subjected to severe storm conditions throughout
the winter season (Figure 8). The Columbia River, which
separates the states of Oregon and Washington, is navigable
for ocean-going vessels for about 100 miles. Because of its
great importance to commerce, transportation, and recreation,
the Columbia River is at times a place of very heavy marine
traffic.
As a result of the facts described above, it would be
expected that weather would have significant influence upon
the maintenance of aids along the Oregon Coast. It would
also be reasonable to expect that the severity of weather
would contribute to a higher than servicewide average
percentage of in-service failures due to manufacturing errors,
since this environment represents some of the most adverse
circumstances under which aid components are required to
operate. Presumably collisions with passing vessels would
be a factor in the operation of buoys along the Columbia
River.
Considering this environment, it was felt that weather,
power unit failure, and collisions would be the major
causes of aid failure, in that order. For buoys it was
believed that location and type of operation would determine
the frequency of reliefs, times found or reported off station
and subsequently lost, missing, or salvaged. Due to previous
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Left: Tillamook Rock
Lighthouse, standing a
rnile offshore af Tilla-
mook Head. Oregon,
is one of the most ex-
posed stations on the
Pacific Coast. The pro-
tecting glass of the
light, 133 feet above
sea level, has been
smashed several times
by stones driven by
<^ r p*t storm waves.
Landing at this sta-
tion is often diffi-




seasonal weather patterns, it was anticipated that lighted
buoys operating on a permanent (remaining in service year
round) basis at exposed locations, would be relieved for
other than routine reasons primarily during the months of
November through March. For the replacement or failure of
components, it was expected that aid location would be the
dominant factor since location would dictate whether the
aid the components were installed upon was exposed, protected,
and or subject to heavy marine traffic. In subsequent trial
analyses this expectation was very strongly evidenced.
Therefore, it was decided to examine component and operation
data as a function of aid location in order to determine
combinations significantly prone to problems. Despite the
presence of environmental hazards (location) , it was hypo-
thesized that buoy size and the presence and type of sound
signals would be a significant factor upon overall component
performance, that RBDT intervals and related power capacities
would have an impact upon percentage of power unit consump-
tion realized, that vent valve configuration would be
important to power unit performance, that sound signals
would have a substantial, detrimental effect upon lamps,
and that lantern color (red or green) and type (plastic or
glass) would have an effect upon daylight control failures.
It was expected that smaller lamp sizes would result in a
greater relative percentage of lamp failures than larger
sizes. Of all visual signal components, it was hypothesized
that solid-state flashers would be replaced the fewest total
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number of times (excepting projects) , due to their strict
design, lack of moving parts, watertightness, and projected
long lives. It was believed that the CG-6P Lampchangers
(six-place) would perform better than FU-1297 (four-place)
Lampchangers, and that both types of lampchangers would be
adversely affected by sound signals. It was also anticipated
that appendages (moorings) would be rigorously tested along
the coastal region, especially, chain of 1 7/8" size, which
is the largest size that can be accommodated by the mechanical
chain stopper. Finally, it was suspected that less than 50%
of potential power unit lives were being consumed at the
time of replacement or disposal, in view of all factors pre-
sented concerning this environment.
Two SPSS computer runs were conducted for this st.udy.
Both runs utilized a file containing data on 402 visits made
to 100 buoys during calendar years 1972 and 1973. Routine
visits without component replacement were consolidated with
other data, yielding a- final file of 268 cases. The first
analysis provided visit and inventory data base statistics,
and organized aid hardware replacement data for specific
replacement reasons, namely routine servicing, improper
installation, water damage, defective, collision, weather
or vandalism etc. Due to the number of possible reasons
for replacement and the limited amount of data examined,
the reasons for replacement categories were consolidated
into nine categories for a second analysis, the consolidated
categories being: routine servicing, environmental hazards,
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technical-administrative errors, personnel errors, failures
caused by another component, convenient or conjunctive
servicing, manufacturing errors, corrosion, and projects,
directives, or experimental testing. Specific analyses
were conducted in both studies. The programs and related
outputs, which are contained in the Appendices, include
comments with explanation of the procedures and coding uti-
lized throughout the study, SANDS Manual and Work Report
codes have been used where applicable.
C. SUMMARIZATION OF RESULTS
A summary tabulation of key data base statistics is
provided in Table V. Tabulations of all data base statistics
are contained in Computer Output (before recoding) pages 11
to 57. One aid was discontinued during 1973. Since there
were a total of 4 02 visits duiTLng the two year study period,
an average of about two visits per year were made to each
aid. Of interest was the observation that three aids were
visited 9 times and three other aids 8 times. All six of
these aids were located along the Oregon Coast, with most
of the visits being related to environmental damage. Of
importance to ensuing analyses was the fact that 35% of all
aid locations were classified as Exposed Sea Coast (Oregon
Coast) , and 30% as Protected River (Columbia River) . Thus
a combined total of 65 buoys were located in the areas
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It was noted from flasher data base statistics that 73
flashers were of the FL 4 (0.4) characteristic, 1 flasher
of the FL 2.5 (0.5) characteristic, and none were of the
FL 6 (1.0) characteristic. This finding was found to be
indicative of lighted buoys and light structures service-
wide during the same period:
"In 1966 three simple, slow flash characteristic
(flashing every 2.5,4, and 6 seconds) were designated
for standard use in minor aids to navigation. This
standardization was intended to provide the mariner
with a uniform, easy to identify system while simplifying
the selection of equipment to meet operational require-
ments. Equal use of these three characteristics would
maximize the ability of mariners to differentiate between
nearby aids. However, in the past six years the Flashing
4 second characteristic has become so common that it is
now found on 87% of all simple, slow flashing aids.
The popularity of the Flashing 4 second charac-
teristic is due to its low 10% duty cycle. Th^ Flashing
2.5 and 6 second characteristics have duty cycles of
20% and 16.7% respectively, with proportionately higher
battery consumption. To encourage greater use of these
latter characteristics their flash lengths have been
shortened to produce more favorable duty cycles. The
new FL 2.5 (0.3) and FL 6 (0.6) characteristics are
economically competitive with the FL 4 (0.4) charac-
teristic and should therefore see greater use without
imposition of required use quotas."
In addition nine flashers were found to be nonstandard, and
aids equipped with these flashers were not included in the
power unit life analyses as standard RBDT intervals for such
flashers are not available.
Table VI contains the major causes for aid and aid com-
ponent malfunctions, as well as other significant reasons
for component replacement. As expected, weather and col-
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41 and 19 cases occurring respectively. Buoys were relieved
due to weather 23 times, with 95.7% of these occurrences
taking place at exposed sea coast locations. The percentage
of power unit life expended at the time of relief in such
locations was always less than 40%. In 12 instances,
weather was the primary cause of failure for at least three
consecutive discrepancy visits to the same buoy. When con-
sidering the time of year associated with the relief of
buoys due to weather, a definite pattern was detected as
follows
:
10 reliefs during the period January to March 1972
1 relief during April 1972
1 relief during November 1972
8 reliefs during the period January to March 197 3
2 reliefs during December 1973
It should be noted that some of the reliefs indicated for
January, were actually the result of buoys being washed
ashore during December. These occurrences subsequently led
to the search, testing and evaluation of new mooring employ-
ment methods to reduce the loss of aid hardware and frequency
of buoys off station. 36 Table VII reflects optional data
One of the methods was evaluated with four lighted
buoys at coastal bar locations utilizing a shock sinker sys-
tem. This concept provided for a shock sinker which would
occasionally be lifted off the bottom due to buoy movement
and a heavier submerged sinker weighing 9 tons. The mooring
included 1 5/8" chain between the bridle and the shock sinker
and one shot of 1 7/8" chain between the two sinkers.
CCGDTHIRTEEN Operation Order 094/72 of 9 June 1972.
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provided in SANDS Report remarks sections concerning such
losses.
TABLE VII
Statistics Concerning Buoys Reported As Adrift,
Washed Ashore, or Missing
Buoys either lost or not salvaged 7 times
Buoys located and or salvaged 13 times
Buoys never located 1 time
Moorings lost; includes above 24 times
After obtaining mixed results with special mooring append-
ages, the District changed the operation of several lighted
buoy locations (two located in Yaquina Bay) which had ex-
perienced repeated problems in maintaining buoys on station,
from permanent to seasonal. This procedure involves with-
drawing the lighted buoy during part of the year. Sometimes
the lighted buoy is replaced with an unlighted buoy. This
system has become routine for the Great Lakes during the
winter, when no or little marine traffic exists. As a
result, significant savings of aid hardware were realized
during the winter-spring season of 1974.
Eighty percent of the buoys relieved due to being in-
volved in collisions with passing vessels were located on
the Columbia River, 3 and 1 instances respectively. Also,
10 of the 12 flasher replacements resulting because of
collisions took place along the Columbia River, but only
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one buoy was involved in more than one incident, that one
being involved twice. Thus no aids which should be considered
collision prone were identified in this study.
An unexpected and surprizing observation was the fact
that 17 flashers were replaced for no indicated reason of a
total of 94 replaced during the two year period. This obser-
vation will be further discussed in Part B (AREAS OF FURTHER
RESEARCH) . The results shown in Table VI also indicate that
lampchangers were replaced for no indicated reason the same
number of times.
Examination of power units replaced due to personnel
errors revealed that the light characteristic, QKFL (0.3),
is associated with an unusually high number of such errors.
While the FL 4 (0.4) characteristic was found on 73 aids
and related to 60% of the personnel errors, the QKFL (0.3)
type found on only 13 aids accounted for more than 33% of
all power units replaced for this reason. It was also
recalled from Chapter III Part F (APPLICATION OF A MODIFIED
MANAGEMENT INFORMATION SYSTEM), that the QKFL (0.3) charac-
teristic was involved in RBDT Table errors; possibly the
consequences of this problem are stronger than originally
anticipated. It is also likely that personnel are more
familiar with the most common FL4 (0.4) type and its related




The study of power unit replacements afforded a good
comparison of the magnitude of hazard associated with loca-
tion. For example, 7 3% of the power units replaced due to
environmental hazards were in service at exposed sea coast
locations/ more than twice the percentage of aids at these
locations. Protected River sites accounted for only 16%
of the replacements, while about half of the aids were at
this class of location. This suggests the clear dominance
of weather over collision as an environmental hazard. In
looking at the impact of buoy size upon power unit replace-
ment due to environmental hazards, buoy sizes 10 x 39 and
8 x 26 were compared. As shown in Table V, although 14.3%
of buoys located along the exposed sea coast were 10 x 39
buoys, a much smaller percentage (2.7%) were associated
with these events. 8 x 26 buoys accounted for 62.2% of such
replacements although comprising only 4 5.7% of the buoys in
exposed sea coast locations. Thus the larger size buoy
appears to be better able to cope with its environment. No
meaningful comparison of percentage of power unit life
realized could be made with these two buoy sizes as 3 out
of 5 of the 10 x 39 type were equipped with nonstandard
flashers. Unexpectedly, lighted buoys with built in
whistles of the 4 ball variety were involved with only 27%'
of the power units replaced due to environmental hazards
despite comprising over 51% of the lighted buoys in exposed
sea coast locations. It may be that its unique design built
into the buoy tube provides a good platform upon which to
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ride out rough seas, with less harm being done to components
installed
.
Surprisingly, all 10 power units replaced due to manu-
facturing errors were linked to the FU-1297 (four-place)
lampchanger. This type of lampchanger was installed on 62
buoys but only 19 of those were at exposed sea coast loca-
tions. While the CG-6P (six-place) lampchanger is known
to be of better design, no trend could be detected with
lampchangers replaced for various reasons and the type of
lampchanger. It may be that the FU-1297 has a special
effect upon batteries, such as heavy drainage.
Overall power unit performance was better than the
predicted 50% estimate, with the mean percentage of expected
total useful operating life consumed at the time of replace-
ment or retirement for 96 power units examined being 63.82%.
A brief summary of the special procedures utilized in con-
ducting this analysis is contained in Appendix E. The range
for this datum was 3% to 121%, with one additional aid iden-
tified with the unusually high percentage of 164%. Upon
further examination it seemed likely that an error involving
last replacement date information or a SANDS oversight
existed, although such a long life is not impossible.
While only 34% of all types of lanterns were colored red,
this same color was attributed with 67% of the daylight
controls replaced due to manufacturing errors. The fact
that a lantern was fabricated with glass or plastic appeared
to have little effect upon these daylight control malfunctions
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As was anticipated from previous servicewide evaluations,
the larger size 1.15 amp lamps were more reliable than the
smaller 0.77 amp lamps. The 1.15 amp lamp type comprised
49% of the lamp size population and was installed on all
exposed sea coast buoys. Yet despite this exposure, 57.1%
of all lamp failures (all lamps failed), were with 0.77
amp lamps. However, there was no clear relationship between
lamp failures and the presence and type of sound signals.
D. AREAS FOR FURTHER RESEARCH
1. Reliability Model Building
As shown in Figure 9, a reliability block diagram
for a typical lighted buoy, failure of any one component
(exceot for a lamp* provided a good spare is available and
the lampchanger is functioning), means the buoy has failed.
While it is a matter of opinion whether failure of a day-
light control, leading to 24 hour per day operation of the
buoy's visual signal system, constitutes a failure, event-
ually the resulting extra battery drain will result in
battery failure if not corrected. If all components are
new, the component with the least minimum time to failure
(again excepting lamps) , will most likely be the cause of
an aid nonfunctioning. A full analysis of reliability
however, can be quite difficult because of the complex
nature and interdependence of components.
2. Sensitivity Analysis of Flasher Inventory Procedures
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presented in Section 3, that a finding of special interest
concerned the replacement of 17 flashers for no indicated
reason. It was also noted that lampchangers were replaced
for the same unknown reason the same number of times.
Because these findings indicated a significant problem, this
situation was further examined. A logical explanation for
many of these instances appears to have been found:
Contributed by: Commandant (GEOE)
"...The guarantee expiration date shown on the
nameplate of certain aids-to-navigation equipment in-
dicates that date after which the manufacturer is no
longer required to repair or replace a defective unit
at no cost - it is not an indication as to when the
unit will no longer operate reliably. The design life
of flashers, lampchangers and similar aids-to-navigation
equipment is many times the guaranteed period. These
equipments must be used until failure rates indicate
that continued usp is no Inngpr justified. New equip-
ments should be placed into service as soon as prac-
ticable so as to take full advantage of the manufac-
turer's repair or replacement guarantee. "3'
Contributed by: Aids to Navigation School
"The original predicted half-life of the CG-181
was 13 years. This means that at the end of 13 years,
50% of the flashers would still be operating. It was
based on the known reliability of the components used
in the flasher. However, we now have an appreciable
amount of operating data indicating that the half-life
appears to be 20 years. There is no test that can
be applied to a solid state flasher to determine when
failure is about to occur. A large portion of failures
that do occur during the half-life will be in the infancy
of the flasher and replacement is covered by guarantee.
Therefore, the long life expectancy of the majority of
flashers that survive infancy reduces the need to place
an arbitrary age limit on the flasher. Flashers recovered
from damaged or destroyed aids should be replaced if they
37Aids to Navigation Bulletin
1973), p. 11.
(December 1972 - April
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have lost their watertightness , or have been subjected
to physical damage. "38
The solid state flasher is designed as a long life,
nonrepairable item emphasizing simplicity and maximum relia-
bility. The circuitry of the CG-181 Flasher is contained
in a factory sealed watertight metal case weighing under
2 1/2 pounds. Each flasher is constructed to withstand
shock and vibrations incident to service on lighted buoys.
The flasher has built-in electronic reversed polarity and
short circuit protection features in addition to standard
external electrical connections. The reversed polarity
feature prevents damage that might otherwise be sustained
when batteries occasionally reverse their polarity internally
The short circuit feature not only prevents damage but also
will prevent a flasher from falsely functioning if all con-
nections are not made. Thus the flasher is designed to
preclude improper installation due to simple oversights.
Each flasher is guaranteed against failure for two years
from the last date of shipment of the last flasher procured
under a particular contract. As specified, the failure
rate of all flashers in service is not to exceed 5% per
year. At this failure rate and after 10 years of operation
for example, 59.8% of the flashers that were originally in-
stalled would still be in service.
In an attempt to further highlight the extent of still-
born and infancy failures of flashers, SANDS data from the
8Aids to Navigation Bulletin (April-June 1970) , p. 16
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Ninth, CG District for 18 lighted aids and 20 flashers were
analyzed. For these aids, solid-state flashers were in-
stalled during 1967, 1968, or 1969. Their performance
was observed each season through the 197 3 winter withdrawals
The consolidated results shown in Table VIII were obtained
from the above data. A detailed listing of the results
is contained in Appendix F.
TABLE VIII
Summary of Solid State Flasher Performance for 18 Lighted
Aids to Navigation in the Ninth Coast Guard District (1967-
1973)
Average Time
Flasher Status Frequency Range (years) In Service
Remaining in service 13 4.29-6.63 5.36 years
at the end of 197 3
or functional but
temporarily out of
service due to buoy
withdrawals
.
Replaced due to 2 0.16-0.98 0.57 year
failure
Replaced due to pro- 5 1.58-5.89 3.87 years
jects or other reasons
not related to the
flasher
While only 18 aids were examined due to time constraints,
a brief review of other data for the same area and period
indicated similar patterns. Results substantiated the con-
tention that if a flasher is to fail, it most likely will
do so within the two year warranty period. Otherwise the
flasher will probably remain in service until unable to
survive environmental hazards or personnel errors.
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These results indicate that present flasher inventory
policies may be suboptimal. A study in this area for the
39CG Supply Center was recently conducted. It would appear
that further research, such as flasher sensitivity analyses
considering the overall Aids to Navigation Mission and
related factors, is also warranted.
3development of an Optimal Inventory System for Selected
Aids to Navigation Components of the United States Coa st
Guard Supply System , R. Castler, J. Kissinger, and R. Pokress,
George Washington University, O.R. 291. July 1974.
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V. CONCLUSIONS AND RECOMMENDATIONS
A. MODIFICATION OF THE AIDS TO NAVIGATION MANAGEMENT
INFORMATION SYSTEM
A need exists to modify the current Aids to Navigation
Management Information System. Supporting this contention
are findings made in 1970 by the management-consultant firm,
Booz, Allen Applied Research, Inc., concerning the Short
Range Aids to Navigation support and servicing systems.
As a result of the Booz, Allen studies and subsequent Coast
Guard evaluation, several Aids to Navigation Management
Information System (SANDS System) modifications have been
implemented, including the Quarterly Report of Operation
of Aids to Navigation (Program 03844C) . This report is
designed for the purpose of extracting aid inventory and
visit statistics data, and even though it has become an
effective management tool, its usefulness is limited by
the present SANDS Reporting System. The Aids to -Navigation
Work Report (CG-4429), which is the heart of the reporting
system, has remained essentially unchanged since its incep-
tion in 1967. This is so despite the fact that many changes
in aids to navigation policy, development, and hardware have
occurred. In addition to being the primary source of raw
data, the work report becomes a legal and historical record
for each aid. Errors detected in any part of a report
produced as evidence in a court, discredit the entire report
and Coast Guard. Supporting the contention that the present
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work report needs modification is the fact that an Aids
to Navigation Work Report with major revisions is being
currently tested on an experimental basis.
The findings presented in Table IV (Summaries of Major
Types of SANDS Errors Detected in 7 9 Work Reports for the
Thirteenth CG District 1972-1973) indicated an average of
one error for each two work reports examined. Furthermore
it was noted that inconsistent, incomplete/ or missing in-
formation which were frequently encountered, hampered the
interpretation of reports to the extent that questionable
data had to be resolved with the Thirteenth District. It
was determined that many of the errors detected could be
attributed to either the content or format of the current
SANDS Report. Based, on the examination of the present and
experimental work reports, several important provisions and
changes require consideration for inclusion in future work
report revisions.
1. Power Units and Batteries
The addition of space for information on last date
of replacement or service, projected date of next service,
and service interval to the SANDS reporting form is desir-
able, as then the service period could be easily determined
from the report form. The mere addition of data concerning
the last replacement date would enable verification of pro-
jected service dates through SANDS System monitoring by
using existing report inventory information and known
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related intervals. For power units or batteries there is
only a scheduled recharge date. This information was
adequate when the present form was first implemented because
secondary batteries, predominantly in use then, were normally
recharged every six months.
However this data is especially important for the primary
batteries in use today, since their long and flexible service
interval requires complicated computations and multiple table
lookups in order to compute the projected replacement data.
In addition, power units and battery failures are the primary
cause of most aids to navigation discrepancies.
2
.
Exchange of Reports by Servicing Units
In view of the anticipated increased utilization of
Aids to Navigation Teams (ANTS) in servicing aids on a dual
basis with other units (tenders) , the need for these operat-
ing units to provide each other with information of work




A distinct format advantage of the experimental form
over the present form is the use of a plain language format
by the reporting unit. This emphasizes the use of abbre-
viations and acronyms easily associated with the type of
data they represent. This feature not only would eliminate
many common errors, but also would permit easier and more
rapid completion of the report.
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While the experimental version of the SANDS report
allows for desired format changes and inclusion of last
date, service interval, and projected date information on
the unit copy, this latter feature must also be provided
on the district copy. This is necessary so that such in-
formation is available for data processing, thus enabling
SANDS monitoring and searching routines, which are espec-
ially desirable for lighted buoy power units, one of the
most prevalent component problem areas.
A need exists to further exploit the potential infor-
mation available in SANDS data. A particular need for feed-
back of useful information to field units exists. Two
current information sources available to field units are
the Annual Aids to Navigation Assignment List (CG-4500) and
informal Aids to Navigation Bulletins. The Aids to Naviga-
tion Bulletins are an information source of immense value
to all personnel involved with aids to navigation duties.
It is suggested that a cumulative index for Aids to Navi-
gation Bulletins be included with each addition. This
would facilitate more effective utilization of this valuable
source of communications by providing an easy way to rapidly
identify all articles appearing in various bulletins that
deal with a particular subject.
Because of recently extended servicing intervals, a
special information system which would monitor SANDS data
and feed back questionable information to servicing units
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appears to be of much unrealized value. Thus, simple over-
sights could be detected and potential discrepancies or
unnecessary waste of aid hardware could be avoided.
Based upon the illustration provided in Chapter III
(APPLICATION OF A MODIFIED MANAGEMENT INFORMATION SYSTEM)
,
it is believed that there is sufficient evidence in support
of SANDS monitoring and searching procedures to warrant
their inclusion into the SANDS System. Justification appears
to stem in appreciation of the magnitude of all potential
undetected errors involving battery powered lighted aids
alone.
It is recommended that consideration be given to evaluat-
ing some sort of system to monitor routine data to identify
exceptional circumstances. Modification and implementation
could be undertaken by Headquarters on a temporary and
experimental basis. This program would be designed for the
approximate 3927 Lighted Buoys in service at the present
time, the short range aids most vulnerable to malfunctions.
Such a program would partially compensate for simple over-
sights, time constraints, high turnover rate of personnel
and the recently extended aid servicing intervals. The
conception of this limited program is very timely because
the Coast Guard's electronic data processing facilities are
to be consolidated and modified in the near future and feas-
ible since the additional processing method presented (SPSS)




B. STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES (SPSS)
The results set forth in Chapter IV, demonstrates the
performance of the SPSS data processing method in examining
the frequencies of various causes for Short Range Aids to
Navigation (SRAN) malfunctions. SPSS demonstrated con-
siderable potential for determining hazard, failure or
error prone combinations or circumstances of components.
The cost of this statistical package is approximately
$1000.00 to non-profit organizations.
It is recommended that this package, or a similar
one capable of SANDS searching and monitoring functions,
be procured in association with Department of Transportation
EDP facilities consolidation and modification.
C. FUTURE RESEARCH
This project has been envisioned as a preliminary inves-
tigation into an area in which a good deal of further inves-
tigation is warranted. Many of the longer term goals in
the overall research have been met only in a cursory
fashion due to time constraints. Because of the complex
nature and interdependency of aids to navigation and aid
components, a thorough evaluation of all of the issues
and questions presented would require extensive and detailed
analysis. Therefore this project should be considered as
a beginning rather than as an end.
In order to thoroughly evaluate the issues and question
discussed in this preliminary research, it is suggested that
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a team of personnel possessing expertise in information
system design and statistical analysis be designated.
Possible additional methods for such analysis could include
reliability model building with provisions for component
dependence, sensitivity analysis of flasher inventory





APPENDIX A: NUMBER OF VARIOUS SHORT RANGE
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APPENDIX B: SUMMARY OF ERRORS IN 7 9 AIDS TO NAVIGATION
WORK REPORTS FOR 2 5 LIGHTED BUOYS LOCATED
IN THE THIRTEENTH COAST GUARD DISTRICT
Absolute
Frequency Part Section Comment
3 16 Daylight controls were found in-
operative such that the buoy's
visual signal system was operating
day and night; battery scheduled
recharge date remained unchanged.
1 I General A component indicated as replaced
in the work performed section
appeared as unchanged in the des-
cription section because the serial
number remained the same.
3 I 18 While replacing colored glass
lanterns with acrylic lanterns,
the daylight control for colored
glass lanterns was not indicated
as changed. In these cases it was
later determined that the daylight
controls had been correctly changed
but that the appropriate entries
were omitted.
3 I General A component indicated as replaced
in the work performed section
appeared as unchanged in the des-
cription section because the new
types were not compatible with
with remaining components.
1 16 Schedules were not revised.
1 II Content of aid name was in error.
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1 .1 6 Rated Battery Discharge Time
(RBDT) used for lamp, flasher and
battery capacity was more than 90
days in error as reflected in the
recharge date.
1 I General Some entries in the Aid Description
section on a hand-filled form were
missing.
5 III General Entry of aid condition was missing.
1 V General Redundant entries such as checks
for replaced entire moorings and
replaced second chain on same
report.
4 V General Component indicated as changed in
the description section was not
checked as replaced in the work
performed section.
2 V General Checked wrong blocks as adjacent
blocks were inadvertently checked.
2 VI 83 The wrong number code was used as
a primary cause of failure as in-
dicated by components replaced
and remarks.
6 VI 83 Entry in the primary cause of
failure block was missing although
discrepancy was checked as the work
reason.
1 vi 84 An entry was made in the date and
time CG informed block although the




1 VI 8 5 The hour worked was missing.
1 VI 85 The year digit of the Julian date
work performed was missing.
2 VI 82 The number of defective or burned
out lamps replaced was not indi-
cated although replaced lamps
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APPENDIX C: CALCULATION OF RATED BATTERY DISCHARGE TIME FOR
A POWER UNIT, LAMP, AND FLASHER COMBINATION
WITH 2 000 A-H CAPACITY, .55 AMP LAMPS, AND A
QKFL (0.3) CHARACTERISTIC
Sources :
(A) The duty cycle for a QKFL (0.3) characteristic is the
ratio of the total time during which the flasher allows
current to flow to the lamp during one period to the duration
of one period, or 0.30 ampere-hour/day. This duty cycle
requirement for a QKFL (0.3) flasher is contained in section
3.15.1 of the Flasher Specification (Purchase Description
No. 181B) , and must not differ from that specif ied by more
than 5% at temperatures of 0° - 125°F.
(B) From Figure 14 in Visual Signallly, the average current
in amperes during the time that the contacts are closed for
a .55 amp lamp with a 0.3 second contact closure time is
0.639 ampere. This average current during a flasher period
is corrected for the initial surge effect of low voltage
(12 volt) lamps and a cold filament, when heavy current is
drawn.
(C) It is current Coast Guard policy to base all daylight
controlled RBDT computations on a standard 13-hour day or
an average of 13 hours of darkness per day during a year.
(D) Flasher dissipation is the maximum allowable dissipation
in ampere-hours, based upon 13 hours a day operation at 60°F
as specified in Purchase Description 181B.
(E)* The winter correction factor ranges from to 60 days:
days for service lives within cycles of 365-390 days, 721-
750 days, etc,: 60 days in the 541-570 day cycle, etc.
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* For aids at variance from standard conditions the following
additional reductions in RBDT apply (the cloud cover factor
for the Thirteenth District was used in the selected
studies)
:
(1) Heavier than thin average daily cloud cover
Districts 1, 3, and 9 15 days per year
Districts 13 and 17 30 days per year
(2) Average nightime temperature less than 30°F
during the last 3 or more months of RBDT
15 days per year
(3) Average daytime temperatures over 80° for entire
RBDT
30 days per year
(4) Daylight control shaded at sunrise or sunset
30 days n<=r year
(5) Daylight control shaded at both sunrise and sunset
60 days per year
Equations : (The basic equations are contained in COMDTINST
10500. 32A)
.
Daily = (B) Average x (A) Flasher x (C) Hours + (D) Flasher
current lamp duty of dissi-
consumption current cycle Operations pation
Service Life Battery capacityDaily current consumption
RBDT = Service life - (E) Winter correction factor + any
applicable correction factors





(B) Average lamp current .639 ampere
(A) Flasher duty cycle x .30 amp-hour/day
(C) Hours of Darkness x 13 hours/day
= 2.492 ampere-hour/day
(D) Flasher dissipation + .274 ampere-hour
Daily current consump- = 2.7 66 ampere-hour/day
tion
Battery capacity 2000 ampere-hour
Daily current drain - 2.766
Service life = 723 days
(E) Winter correction factor - days




APPENDIX D: AN ILLUSTRATION OF SANDS MONITORING AND
SEARCHING
• From one of the initial runs made to determine SANDS
reporting errors it was discovered that one RDDT error in
COMDTINST 10 50 0. 32A (Primary Batteries for Aids to Navigation)
existed among the aids examined. The aid in question was
Coos Bay Channel Lighted Buoy 18 (LL 1279). This buoy had
been recharged on 3221 (August 9, 1973) or after COMDTINST
10500. 32A was in effect but before the change was issued.
The RBDT period of 1003 was used to determine the new sched-
uled recharge date of 4192 (July 11, 1974), unknowingly in
error.* At the time the error was discovered by the author,
the Thirteenth CG District Aids to Navigation Office was con-
tacted to rela^ 7 information to the unit involved in the error,
hopefully before this aid was recharged. As it turned out
the buoy had already been recharged on 4189 (July 8, 1974),
but the next scheduled recharge date was corrected.
Through simulated SANDS monitoring explained in the
program (located at the end of this Appendix) , it was deter-
mined that Coos Bay CH LB 18 had a scheduled recharge date
not falling within the limits specified. The limits could
have been 90 days or any period desired. In this example
only the 2000 ampere-hour power unit, .55 amp lamp, and
QKFL (0.3) characteristic combination RBDT of 1358 was used.
For the Thirteenth CG District, the cloud cover factor
reduced the RBDT by 3 days.
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Any other standard flasher lamp combination could be in-
cluded in this process through the use of additional cards,
one card per combination.
In order to search out remaining aids of this combination
without using the scheduled recharge date condition, three
SPSS data selection cards were used. Thus, all aids under
these identical circumstances were located. By subdividing
all aids contained in each Light List into a separate sub-
file for service-wide implementation, each Light List number
of a subfile would be unique and pertain to only one aid.
Through SANDS searching routines it was discovered that
three aids in the buoys examined were equipped with the spe-
cific power, lamp, and characteristic combination in question
but only Coos Bay CH LB 18 (or 33.3%) actually contained an
RBDT error. The cost of unused battery capacity for this
aid was computed. The special 30-day cloud cover factor
solely used in the Thirteenth District was not considered
in order to make a more reasonable extension of potential
inpact service-wide.
Value of 2000 Ampere-Hour Buoy Power Unit Capacity
Not Utilized with Coos Bay CH LB 18
(A) 2000 a-h power from Union Carbide is made up of two
1000 a-h (S10A) units. Fiscal Year 1975 cost of a
1000 a-h unit is $205.60.*
*
Because of shipping cost variations, battery costs are
slightly higher for West Coast and nonCONUS CG Districts.
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(B) 2000 a-h power from McGraw Edison is made up of two
1000 a-h (ST-1010) units. Fiscal Year 1975 cost of a
1000 a-h unit is $191.23.*
(C) RBDT Actual 723 days (1358) - RBDT Used 368 days (1003)
= 355 days.
(D) If all batteries were UCAR:
2 x 205.60 x ~| = $202
If all batteries were Edison:
2 x 191.23 x HJ- = $188
Assuming 50% of the units were UCAR and 50% of the units
were Edison $195 worth of unused battery capacity was
forgone, for this aid alone.
(E) According to SANDS data of January, 1974, there were
approximately 115 buoys in service with the 2000 ampere-
hour battery power unit, .55 amp lamps, and QKFL (0.30)
flasher characteristic combination.
(F) Assuming that 33.3% of the 115 buoys were recharged in
error, the value of power unit capacities not utilized
service-wide would have been as follows:
195 x 115 x .333 = $7475.
(G) Assuming that only 10% of these service-wide buoys were
recharged early:
195 x 115 x .10 = $2242.
(H) Cost of SPSS is approximately $1000.00.
*
Because of shipping cost variations, battery costs are
slightly higher for West Coast and nonCONUS CG districts.
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APPENDIX E: PROCEDURES UTILIZED IN COMPUTING FOR POWER
UNITS, THE PERCENTAGE OF EXPECTED TOTAL USEFUL
OPERATING LIFE CONSUMED AT THE TIME OF REPLACE
MENT OR RETIREMENT -
In order to determine the actual average percentage of
expected total useful operating life realized at the time of
power unit replacement, serveral special procedures were
required. On page 3 of the run (After Breakdown Recording)
,
is the internal program which was utilized to accomplish
this objective. Comment explanations have been included.
The first step involved converting RBDT ' s into a total number
of days. For example, an RBDT of 2152 would be converted
by subtracting 2000 and adding 730 or a total of 882 days.
The second step involved consumption determination or Julian
work date less the last recharge date (not indicated on the
present work report and obtained from pre-test period SANDS
data in some cases), and converting the difference into days.
In the third step, certain reasons for the termination of
a power unit's use were recoded so that they would be included
in the evaluation. These reasons included seasonal with-
drawals, discontinuance of an aid, and lighted buoys tempora-
rily replaced by unlighted buoys. The fourth and last step,
created a new variable, VARPER, percent of expected power
unit life consumed. This new variable was rounded to the
nearest whole percent through an automatic rounding capability
feature of SPSS. All applicable flasher-lamp-battery combina-




APPENDIX F: RESULTS FROM EXAMINATION OF 20 SOLID STATE
FLASHERS FOR 18 LIGHTED AIDS TO NAVIGATION
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